Coaxing New Reactivity from Metalated Nitriles by Yang, Xun
 
 
 
 
 
Coaxing New Reactivity from Metalated Nitriles 
A Dissertation 
Submitted to the College of Arts and Sciences 
of 
Drexel University 
by 
Xun Yang 
in partial fulfillment of the  
requirements for the degree  
of  
Doctor of Philosophy 
May 2017 
 
 
 
 
 
 
 
 
© Copyright by 
Xun Yang. All Rights Reserved. 
2017
i 
 
 
 
Acknowledgement 
  
I would like first to thank Professor Fraser F. Fleming for giving me a second 
chance to pursue my graduate study in organic chemistry. Professor Fraser F. 
Fleming is not only a mentor of chemistry for me, but also guiding me through life 
and teaching me how to be a good man. His suggestion helped through difficult 
projects both in chemistry and life.  
Secondly, I would like to Professor Bruce Beaver for helping me through graduate 
school over the past years. I cannot express in words how much your support means 
to me over the past years. I would also thank for Professor Dionicio Martinez. One 
year is not a long time for graduate study, but your encouragement and support help 
me through the final year of my graduate study.  
Finally, I would like to thank Mr. Lance Crosby andMr. Benjamin Lauterbach. It is 
always a blessing to know you during my graduate study. Your support over the 
years helped me through the rough times during the Ph.D title race. 
 
Thank you. 
                                                                                                         May 2017  
 
  
ii 
 
 
 
TABLE OF CONTENTS 
 
Acknowledgement………………………………………………………………….i 
LIST OF TABLES………………………………………………………………....v 
LIST OF FIGURES…………………………………………………………….….vi 
LIST OF ABBREVIATIONS……………………………………………………..vii 
Abstract…………………………………………………………………………......x 
Chapter 1 Introduction…………………………………………………………12 
1.1 Introduction………………………………………………………………..12 
1.2 Generating Metalated Nitriles……………………………………………..17 
1.3 Diastereoselective Alkylations of Acyclic Metalated Nitriles…………….29 
1.4 α-Arylation of Metalated Nitriles…………………………………………33 
1.5 Regioselective alkylations and arylations of alkenenitriles……………….36 
1.6 Diastereoselective Alkylations of Cyclic Metalated Nitriles…………...…38 
1.7 Diastereoselective Metalated Nitrile Cyclizations…………………………44 
1.8 Chemoselective Alkylations of Metalated Nitriles………………………...52 
Chapter 2 Chemoselective Alkylations with N- and C-Metalated Nitriles …….57 
2.1 Introduction………………………………………………………………....57 
2.2 Background………………………………………………………………....57 
2.3 Metalated Nitriles Chemoselective Alkylation……………………………..59 
2.4 Tentative Chemoselective Alkylation Mechanism………………………....67 
iii 
 
 
 
2.5 Chemoselective Cross-Over Experiment…………………………………...70 
2.6 Conclusion………………………...………………………………………..71 
Chapter 3 Cyclic Alkenenitriles: Copper-Catalyzed Deconjugative α - 
Alkylation….…………………………………………………………………...72 
3.1 Introduction………………………………………………………………...72 
3.2 Results and Discussion……………………………………………………..73 
3.3 Copper-Catalyzed Deconjugation Alkylation Mechanism…………………78 
3.4 Conclusion………………………………………………………………….78 
Chapter 4 Sulfone–Metal Exchange–Alkylation of Sulfonylnitrile………….....80 
4.1 Introduction…………………………………………………………………80 
4.2 Sulfone-Metal Exchange-Alkylation of Metalated Nitriles………...………80 
4.3 Conclusion………………………………………………………………….87 
Chapter 5 Chiral Sulfinyl-Metal Exchange Alkylation……………………..….88 
5.1 Introduction…………………………………………………………………88 
5.2 Background…………………………………………………………………88 
5.3 Tentative Chiral Metalated Nitrile Alkylation via Sulfinyl-Metal Exchange.91 
Chapter 6 Experimental…………………………………………………...…….94 
6.1 Chemoselective Alkylations with N- and C‑Metalated Nitriles…………….95 
6.2 Cyclic Alkenenitriles: Copper-Catalyzed Deconjugative α‑Alkylation…….152 
6.3 Sulfone–Metal Exchange and Alkylation of Sulfonylnitriles………………184 
iv 
 
 
 
6.4 Chiral Sulfinyl-Metal Exchange Alkylation………………………………..238 
LIST OF REFERENCES…………………………………………………….…244 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
v 
 
 
 
LIST OF TABLES 
 
Table 2.1. Chemoselective Alkylations with 1:1 Electrophiles………………….63 
Table 2.2. Chemoselective Metalated Nitrile Alkylations……………………….65 
Table 3.1. Deconjugative α-Alkylation of Alkenenitriles……………………….75 
Table 4.1. Sulfonyl–metal Exchange Alkylations……………………………….83 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
vi 
 
 
 
LIST OF FIGURES 
Figure 1.1 Nitrile-Containing Pharmaceuticals………………………………..…13 
Figure 1.2 Continuum of Metalated Nitrile Structures……………………………15 
Figure 1.3 Cyclohexylcarbonitrile-based pharmaceuticals……………………….34 
Figure 3.1. Bioactive cyclohexanecarbonitriles…………….……………………72 
Figure 4.1. Lithiated nitrile alkylations of allylic ethers…………………………87 
 
 
 
 
 
 
 
 
 
 
vii 
 
 
 
LIST OF ABBREVIATIONS 
 
13C NMR  -  Carbon nuclear 
magnetic resonance  
H  -  Proton  
1H NMR  -  Proton nuclear magnetic 
resonance  
Å  -  angstrom (10-10 meter)  
Bn  -  Benzyl  
Boc 
Br  
-  
- 
tert-Butyloxycarbonyl 
bromide  
Bu 
Bz                                              
- 
-
butyl  
benzoyl 
CN  -  Cyanide  
d  -  doublet  
D2O  -  Deuterium Oxide  
dd  -  doublet of doublets  
ddd  -  doublet of doublet of 
doublets  
ddt  -  doublet of doublet of 
triplets  
DBU 
 
 
DME  
- 
 
 
-  
1,8-
Diazabicyclo[5.4.0]unde
c-7-ene 
1,2-dimethoxyethane  
DMF  -  N,N-
dimethylformamide  
DMPU  -  1,3-
Dimethyltetrahydropyri
midin-2(1H)-one  
DMSO  -  Dimethylsulfoxide  
Equiv.  -  equivalent  
EtOAc 
er  
-  
- 
ethyl acetate  
enantiomeric ratio 
HETCOR  -  Heteronuclear 
Correlation 
Spectroscopy  
HMBC  -  Heteronuclear Multiple 
Bond Correlation 
Spectroscopy  
HMDS  -  Hexamethyldisilazane  
viii 
 
 
 
HMPA  -  Hexamethylphosphoram
ide  
HOAc  -  Acetic acid  
HOMO  -  Highest occupied 
molecular orbital  
HQSC  -  Heteronuclear Single 
Quantum Coherence 
Spectroscopy  
h  -  Hours  
i  -  iso  
IR  -  Infrared Spectroscopy  
LDA  -  Lithium 
diisopropylamide  
LUMO  -  lowest unoccupied 
molecular orbital  
m  -  multiplet  
M  -  Molar  
Me  -  methyl  
Mes  -  2-mesityl  
MHz  -  Megahertz  
min  -  Minutes  
NMR  -  Nuclear Magnetic 
Resonance spectroscopy  
nOe  -  nuclear Overhauser 
effect  
nOeSY  -  nuclear Overhauser 
effect spectroscopy  
Ph  -  Phenyl  
ppm  -  Part Per Million  
Pr  -  Propyl  
qd  -  quartet of doublets  
s  -  Singlet  
SET  -  single electron transfer  
t  -  tertiary  
t  -  triplet  
td  -  triplet of doublets  
THF  -  tetrahydrofuran  
THF-d8  -  deuterated 
tetrahydrofuran  
TMEDA  -  N,N,N′,N′-
tetramethylethane-1,2-
diamine  
tt  -  triplet of triplets  
UV  -  Ultraviolet  
ix 
 
 
 
X-Ray  -  single crystal X-ray 
crystallography  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
x 
 
 
 
Abstract 
Coaxing New Reactivity from Metalated Nitriles 
Xun Yang 
Fraser F. Fleming. Supervisor, Ph. D 
 
 
This dissertation describes a unique series of reactions with metalated nitriles for 
selective carbon-carbon bond formation. A summary of reactions with metalated 
nitriles describes the general structural features of N and C-metalated nitriles and 
their reactivity preferences in a diverse variety of reactions.  
The third chapter describes the reactions of a novel amido cuprate, generated from 
CuCN and LDA (Lithium Diisopropylamide). The amido cuprate allows for the 
deconjugative α-alkylation of cyclic alkenenitriles, a process that was previously 
difficult owing to a polymerization side reaction. Deprotonating cyclic 
alkenenitriles with the novel amido cuprate effectively avoids polymerization of 
alkenenitriles, and generates metalated nitriles for alkylation with a variety of 
electrophiles. The strategy provides an effective synthesis of quaternary 5-, 6-, and 
7-membered cycloalk-1-enecarbonitriles substituted on the nitrile-bearing 
quaternary carbon.  
xi 
 
 
 
Chapter 4 describes a general method for sulfone–metal exchange. Treating tetra-
substituted 2-pyridylsulfonylacetonitriles with either BuLi or Bu3MgLi generates 
metalated nitriles, which efficiently alkylate with various electrophiles to generate 
quaternary nitriles. The 2-pyridylsulfone is essential, as the pyridine nitrogen 
anchors the organometallic and facilitates the exchange. Commercial 2-
pyridinesulfonylacetonitrile is readly deprotonated with mild bases, either K2CO3 
or DBU (1, 8-Diazabicyclo (5.4.0)undec-7-ene) allowing two sequential 
alkylations to rapidly assemble a tetrasubstituted nitrile. Thus, subsequent sulfone–
metal exchange and alkylation efficiently assembles quaternary nitriles. 
The fifth chapter describes a preliminary approach to chiral nitrile alkylations. 
Sulfinyl-metal exchange where step is a chelation site allows the metal cation to 
anchor and prevents epimerization. A chiral sulfinate precursor has been prepared 
by separating a diastereomeric mixture of sulfinyl nitriles. Preliminary exchange-
alkylations lay the foundation for exploring this potential chiral metalated nitrile 
alkylation strategy.
- 12 - 
 
 
 
Chapter 1. Reactivity and Property of Metalated Nitriles 
 
1.1. Introduction 
 
Over 100 nitrile-containing natural products have been isolated from terrestrial and 
aquatic sources, typically with the nitrile accentuating the biological activity rather 
than functioning as the key pharmacophore.1 Analogous accentuation of bioactivity 
is present in most nitrile-containing pharmaceuticals; 2  in the anticancer drug 
Arimidex 1 two nitriles maintain two key hydrogen bonds, whereas in Xtandi 2, a 
drug for prostate cancer,3 the nitrile most likely removes electron density from the 
aromatic ring to prevent clearance by the liver. Saxagliptin 3, an antidiabetic,4 is an 
exception because the nitrile is the key pharmacophore, undergoing reversible 
attack by a cysteine in the active site.  
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Figure 1.1 Nitrile-Containing Pharmaceuticals 
 
 
The synthesis of nitrile-containing natural products, pharmaceuticals, and synthetic 
intermediates features alkylations with metalated nitriles because these 
organometallics are exceptionally stable and highly nucleophilic.5 The excellent 
nucleophilicity is partly because of the minuscule size of the nitrile functionality, a 
mere 3.6 Å cylindrical diameter for the π-system, 6 that is roughly eight times 
smaller than comparable electron withdrawing groups. As a point of comparison, 
the A value of the nitrile is 0.2 kcal mol-1 whereas carbonyl functionalities range 
from 0.6-2.0 kcal mol-1.7  
Deprotonating the small, linear nitrile generates a metalated nitrile that is largely 
stabilized by inductive electron withdrawal rather than through resonance.8 The 
confluence of small size and inductive stabilization positions most of the charge 
density on carbon, creating a potent nucleophile capable of displacements at 
hindered centers even in cases where enolates fail.9 For example, installing the 
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hindered quaternary center in diisopropylacetonitrile 4 proceeds in 70% yield 
whereas the corresponding acid or ester are unreactive even toward methyl iodide 
(Eq. 1).10 
 
 
4 5 (70%)
CN
i-Pr
i-Pr
LDA CNi-Pr
i-Pr i-Pri-PrI
 
Eq 1. Metalated Nitrile Alkylation 
 
 
Inductive stabilization of metalated nitriles creates two potential metal coordination 
sites: C-metalation at the formally anionic carbon 8, and N-metalation at the nitrile 
nitrogen (7, Scheme 1). In general, lithium cations and high valent transition 
metals 11 exert a profound preference for N-lithiation in the solid state 12 and in 
solution.13 Crystallographic analyses reveal a short C≡N bond (C≡N =1.15-1.19 Å) 
compared to neutral nitriles (C≡N =1.14 Å)14 with the C-CN bond lengths close to 
that of a C=C bond. The short C-CN bond (1.36-1.40 Å) is close to the C-C bond 
length in benzene derivatives (1.38 Å),15  consistent with an inductive stabilization 
of the formal carbanion by the nitrile group through an electrostatic contraction 
- 15 - 
 
 
 
akin to that of an ylide (cf. Scheme 1, 7). The formal bond order for N-metalated 
nitriles in excess of four is succinctly captured in structure 7.  
 
C N
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R2
M
7
N-Metalated Nitrile Nitrile Anion (solution)
M
R1
C N
R2
M
R1
C N
R2M
C N
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TpPh,MeZn
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1211
116°
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N PhC
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Ph
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C N
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NC N1HPh
Li1
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TMEDA
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Li1-N1
 
2.03 Å
1.38 Å
1.17 Å
i-Pr
i-Pr
Structural representations
Crystallographic structures
13
Figure 1.2 Continuum of Metalated Nitrile Structures 
 
 
Low valent transition metal counter ions16 and less electropositive metals, such as 
boron,17 magnesium18 and zinc,19 favor C-coordination. The solid state structures of 
C-metalated nitriles, such as 12,20 exhibit short C≡N bonds and long metal-carbon 
bonds consistent with considerable inductive stabilization. In contrast to N-lithiated 
nitriles where deprotonation with lithium amide is kinetically favored, 21  C-
metalated nitriles appear to be thermodynamically favored though this depends on 
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the metal and the ligands; some N- and C-metalated nitriles with ruthenium22 or 
palladium23 counter ions can be thermally equilibrated. 
Solvation dramatically influences the preference for metal coordination at the 
nitrile nitrogen or the nucleophilic carbon (Scheme 1). NMR analysis of lithiated 
nitriles in the presence of chelating chiral amino ether ligands identified only an N-
lithiated nitrile in THF. However, in ether at -100 °C an equilibrium was observed 
between the N-lithiated nitrile 14 and the C- and N-lithiated nitrile 15.24 The rapid 
equilibration is consistent with the difficulty in maintaining configuration stability 
with metalated nitriles. 
 
 
C N N
Li
Li
Ph
H
MeO
EtO
H
N-lithiated 14
C N
N
Li LiMeO OEt
Ph
H
H
C-lithiated 15  
Eq 2. Lithiated Nitrile Equilibration 
 
 
The two different metal coordinations represent linear and tetrahedral extremes at 
the formally anionic carbon with most metalated nitriles lying somewhere in 
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between this range of geometries (Figure 1). The geometry is conveniently tracked 
by comparing the deformation angles,25 defined as the CN-C-X angle where X is the 
midpoint between the two substituents at the anionic carbon. The pyramidalization 
is reproduced in numerous molecular modeling calculations13,26 and reflects the 
inductive stabilization which does not require planarity. C-Metalated nitriles such 
as 12 have geometries close to pyramidal, though the long carbon metal bond 
usually leads to bond angles that relax from the ideal of 109.5°. The two N- and C-
metalated nitrile representations 7 and 8 capture the distinctive nitrile reactivity: 
metalated nitriles are best viewed as distinctive organometallics with various metal-
carbon bond angles, each have exceptional nucleophilicity, with inductive 
stabilization resulting in a weak carbon-metal bond that rapidly loses 
stereochemistry. 
 
1.2 Generating Metalated Nitriles 
 
Metalated nitriles are most often generated by deprotonating alkylnitriles with 
lithium amide bases. 26  Lithium diisopropyl amide (LDA) is by far the most 
commonly employed lithium amide,26 though lithium diethylamide is preferred for 
deprotonating the hindered, tertiary nitriles.27 Sodium amide and sodium hydride 
are generally ineffective for deprotonating alkyl nitriles26 whereas organometallics 
competitive attack the nitrile group.28 Acetonitrile is unusual, probably because of 
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the small size and high polarity, which allows complete deprotonation by 
butyllithium29 or methyllithium-lithium bromide30 without addition to the nitrile 
group. 
Complex nitriles can be selectively deprotonated by organometallic reagents if 
there is a proximal chelating group. For example, addition of two equivalents of i-
PrMgBr to hydroxy nitrile 16 generates an isopropyl magnesium alkoxide that is 
ideally oriented for internal proton abstraction; the organomagnesium orientation 
prevents attack of the isopropyl group on the nitrile (Scheme 1). 31 Subsequent 
alkylation of 18 to afford 19 occurs from the axial direction because of the 
orientation of the nucleophilic carbon magnesium bond. The same C-magnesiated 
nitrile 18 is generated by addition of excess methyl magnesium chloride to 
oxonitrile 20 through a sequential 1, 2-1, 4-addition.  
 
 
CN
Mg
O
CN CN
H
Oi-PrMgBr
HO
CN
HO
Mg i-Pr
16 17 18
19
(2 equiv),
rt
MeI (55%)
C
O
Mg R
N
X2Mg
MeMgCl
20
CN
O
21
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Scheme 1. Chelation controlled deprotonation and conjugate addition routes to 
magnesiated nitriles. 
 
 
Halogen-metal exchange32 provides a versatile route to C- or N-metalated nitriles 
through an exchange reaction with a variety of organometallics. Organolithium, 
Grignard, and organocopper reagents33 engage in a facile halogen-metal exchange 
with bromo-, iodo-, and even chloro-nitriles.34 The value of selectively accessing 
metalated nitriles with control over the metal counter ion is captured in the 
regiodivergent displacements of metalated cyclohexanecarbonitriles with propargyl 
bromide (Scheme 2). Conventional LDA deprotonation of 22a and reaction with 
propargyl bromide affords alkyne 24 whereas bromine-copper exchange of 22b and 
addition of propargyl bromide affords allene 26.18b The regiodivergent alkylations 
to 24 and 26 illustrate the necessity for understanding the intermediate 
organometallics as distinct N-lithiated or C-cuprated nitriles rather than as generic 
nitrile anions.  
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Scheme 2. Regiodivergent alkylations of N-lithiated and C-cuprated nitriles. 
 
 
Sulfoxide-metal exchange of sulfinylnitriles provides an alternative to halogen-
metal exchange for selective access to C- or N-metalated nitriles.35 Sulfinylnitriles 
have the advantage in that their synthesis is significantly more functional group 
tolerant than the halogenation of nitriles. In addition, phenylsulfinylacetonitrile 
(27) is readily deprotonated even with Cs2CO3. Performing two sequential 
alkylations with cesium carbonate is significant because the subsequent sulfoxide 
– metal exchange-alkylation effectively allows the use of one equivalent of an 
organometallic to generate a quaternary nitrile which avoids the conventional use 
of three equivalents of a lithium amide base (cf. 27 → 28 → 29 → 30 → 34 with 
31 → 32→ 33 → 34). 
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M CN
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R3 CN
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Scheme 3. Comparison of metal amide and sulfoxide-metal exchange reactions 
 
 
The sulfoxide – metal exchange of sulfinyl nitriles overcomes a long-standing 
problem in nitrile alkylations. While the alkylations of acetonitrile and disubstituted 
nitriles 33 are high-yielding,26 the alkylation of primary alkylnitriles 32 are often 
compromised by over alkylation to form the corresponding quaternary nitrile 34.36 
Remarkably, sulfinylnitriles 32 engage in a smooth sulfinyl-magnesium exchange-
alkylation to afford tertiary nitriles 33 despite the presence of an acidic methine 
proton (pKa ~ 12).37  
The sulfoxide-metal exchange of sulfinylnitriles is extremely fast; butyllithium 
exhibits roughly the same preference for sulfoxide-lithium exchange as for 
deuteration by reaction with CD3OD.35a The rapid sulfoxide-metal exchange 
translates into a remarkable functional group tolerance;35b the exchange can be 
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performed by adding a solution of i-PrMgCl to a -78 °C, THF solution of the 
sulfinylnitrile and methyl cyanoformate (Scheme 4). Not only is there no addition 
of the Grignard reagent to the ester functionality of 29a but there is no addition to 
methyl cyanoformate. In general, sulfinyl-magnesium exchange strategy provides 
an excellent method for constructing congested quaternary nitriles through 
alkylations, even with a secondary electrophile, such as 2-iodopropane.  
 
 
(94%)
CNSPh
O
Ph
( )5
i-PrMgCl, CNMeO
Ph
( )5
O
CNMeO
O
CNClMg
Ph
( )5
O
OMe
O
OMe
O
OMe
29a 
                                                                        
35 
                                               
36  
Scheme 4. Functional group tolerance of sulfoxide-metal exchange-alkylations 
reactions. 
 
 
The sulfoxide-metal exchange is equally efficacious with BuLi, i-PrMgBr, or 
Et2ZnBuLi, providing efficient access to metalated nitriles with different counter 
ions. Another challenge addressed through sulfoxide metal exchange is the 
formation of metalated alkenenitriles. The sulfoxide-magnesium exchange-
- 23 - 
 
 
 
alkylation with diastereomerically pure E-sulfinylalkenenitriles affords E/Z 
mixtures of trisubstituted alkenenitriles because the intermediate magnesiated 
nitrile equilibrates during slow alkylations with less reactive electrophiles (Scheme 
5).38 
 
 
S CN
Ph
O
Ph
i-PrMgCl ClMg CN
Ph
CN
Ph
Br
(86%, 7:1)
37 
                                               
38 
                                       
39  
Scheme 5. Sulfoxide-magnesium exchange at an sp2 center. 
 
 
Arylthioalkanenitriles provide a complementary route to metalated nitriles through 
an arylthio-metal exchange.39 Arylthioalkanenitriles are generally more stable than 
their sulfoxide counterparts40 and are readily prepared.41 Arylthio-metal exchange 
with BuLi or Bu3MgLi affords metalated nitriles that alkylate an array of 
electrophiles. NMR spectroscopic analysis of the addition of BuLi to 
phenythionitrile 40a implicates a three-coordinate sulfuranylide 41 as the 
predominant solution species, which is in equilibrium with the corresponding 
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lithiated nitrile. Consistent with the sulfuranylide-N-lithiated nitrile equilibration is 
the loss of stereochemistry for alkylations of stereochemically defined 
arylthionitriles.  
 
CN
SPh
BuLi
C
S Ph
Bu
N
Li
40a 41
C
N
Li
42
±BuSPh
RX
CN
R
CN
S
40b
Et2ZnBuLi;
BrBu2CuLi, 
THF, 0 °C;
I
43a  R=C3H7
 
(88%), from 40b
43b R=C3H5
 
(86%), from 40b
N
 
Scheme 6. Arylthio-lithium exchange-alkylation of a phenylthionitrile. 
 
 
The sulfoxide and arylthio metal exchange reactions are very similar, both are 
effective with sulfur-substituted secondary nitriles and with alkenenitriles. 
Compared to sulfoxide-metal exchange the sulfide metal exchange requires a more 
reactive organometallic, i-PrMgBr is not effective, unless the aromatic sulfide 
substituent is a 2-pyridyl substituent (Scheme 6). The 2-pyridylthionitrile 40b 
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participates in smooth exchange-alkylations with trialkylzincates and 
dibutylcuprate.  
A remarkable sulfone–metal exchange–alkylation demonstrates that all three 
oxidation states of sulfur-substituted acetonitriles are versatile precursors to 
metalated nitriles. 42  Commercially available 2-pyridylsulfonylacetonitrile (44) 
readily alkylates diverse electrophiles in the presence of K2CO3 or DBU to provide 
substituted sulfinyl nitriles such as 45. The 2-pyridyl moiety is critical to anchor 
the organometallic proximal to the sulfone moiety in order to override 
deprotonation of the aromatic.  The exchange requires either BuLi or Bu3MgLi to 
afford lithiated or magnesiated nitriles that are particularly effective in forging 
hindered quaternary carbon centers. As an example, the arylation of 2-
chloropyridine is a challenging bond construction that proceeds relatively easily for 
sulfonylnitrile 45 (Scheme 7). Particularly remarkable is the allylation with the 
ether 46 where the glycol plays a key role in activating the olefin through chelation. 
The sulfone-metal exchange strategy complements the sulfide and sulfoxide 
exchange: 2-pyridinesulfonylacetonitrile is commercially available, readily 
deprotonated with K2CO3 or DBU avoiding the use of two equivalents of strong 
base, and most sulfonylnitriles are stable, crystalline solids. 
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Scheme 7. Arylthio-lithium exchange-alkylation of a phenylthionitrile. 
 
 
Accessing a chiral metalated nitrile is the Holy Grail of nitrile alkylations because 
N-metalated nitriles with chiral ligands locate the chirality remote from the 
nucleophilic center whereas C-metalated nitriles rapidly epimerize.43 Pioneering 
deprotonations of cyclopropanecarbonitriles 44 in methanol demonstrate that the 
free carbanion 48 has a short, discrete existence affording 49 with greater than 
99.7% retention of stereochemistry. Analogous deprotonation with LDA leads 
predominantly to racemization. Clever experiments with magnesiated and lithiated 
cyclopropanecarbonitriles (50, Scheme 1) generated by metal-halogen exchange 
established the half-life for racemization as 11.4 h at -100 °C for the magnesiated 
nitrile and less than 12 s for the lithiated nitrile.45 Intricate mechanistic experiments 
identify an ion pair separation and inversion mechanism as responsible for the 
enantiomerization.46  
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Scheme 8. Stereochemical integrity of a nitrile anion. 
 
 
 
 
Armed with the knowledge that magnesiated nitriles prefer coordination to the 
nucleophilic carbon 47  and epimerize fifty times slower in ether than THF, 48 
subsequent research has focused on magnesiated nitriles 49  often with adjacent 
coordinating groups50 to further suppress epimerization. For example, nitrile 53 has 
a half-life for epimerization of 3 min in ether at -104 °C and 2 min in THF, sufficient 
for trapping reactive electrophiles. Similar low temperature trapping with the 
acyclic nitrile 55 affords >90:10 enantiomeric ratio provided reactive electrophiles 
are employed in situ (Scheme 9).51 
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Scheme 9. Chiral Nitrile Alkylations 
 
 
The chiral alkylations demonstrate the challenge in stereoselectively alkylating 
metalated nitriles; an inherent propensity of lithiated nitriles to coordinate to the 
nitrile nitrogen which places lithium-bound chiral ligands remote from the 
nucleophilic carbon and the low 11 kcal mol-1 inversion barrier that predisposes C-
magnesiated nitriles to epimerization.45 An alternative strategy is to harness the 
inherent configurational lability of metalated nitriles in diastereoselective 
alkylations. The strategy is particularly effective because the tunable geometry of 
the nucleophilic carbon can be used to access different stereoisomers from the same 
precursor, judicious choice of the metal allows different chemoselectivities, and the 
exceptional nucleophilicity and small steric demand allows formation of highly 
hindered stereocenters. 
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1.3 Diastereoselective Alkylations of Acyclic Metalated Nitriles 
 
Alkylations of acyclic nitriles containing vicinal methyl and phenyl groups, or a 
trisubstituted alkene, are exceptionally diastereoselective.52 The strategy designed 
to impose a chiral environment is illustrated with nitrile 57 (Scheme 10). Formation 
of the planar, N-lithiated nitrile 58 favors conformation 58'' over 58' by positioning 
the small nitrile group on the same side as the vicinal methyl, which avoids a larger 
methyl-methyl gauche interaction. Acylation from conformer 58'' occurs opposite 
the phenyl ring to afford ester-nitrile 59 as a single diastereomer. The same 
diastereoselectivity preference is maintained with the C-cuprated and C-
magnesiated nitriles because the preferred conformation 61'' avoids the gauche 
methyl-methyl interaction in 61' (Scheme 10). 
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Scheme 10. Diastereoselective C-metalated Nitrile Alkylations 
 
 
A critical design component is incorporation of a phenethyl group, which orients 
perpendicular to the adjacent methyl group to minimize allylic strain, thereby 
placing the phenyl ring over the plane of the N-lithiated nitrile. Truncating the 
phenyl ring to a trisubstituted olefin maintains the requisite control elements while 
extending the strategy to highly substituted, acyclic nitriles (Scheme 11). For 
example, the alkylation of 62 with i-PrI via 63'' installs contiguous tertiary-
quaternary-tertiary stereocenters demonstrating the ability of the strategy for 
hindered bond constructions. 
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Scheme 11. Diastereoselective N-metalated Nitrile Alkylations 
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Diastereoselective alkylations of acyclic, methylated nitriles in which the resident 
chirality is one carbon more remote is particularly challenging.53 The challenge 
arises because of the inherent flexibility of the intervening single bonds between 
the asymmetric center and the nucleophilic carbon, which makes access to one 
reactive conformer difficult. Selective alkylation of the phenyl-substituted nitrile 
65 was predicated on the preference of the carbon backbone to adopt a low energy 
zig-zag conformation (cf. 66' vs 66'') with the phenyl ring again screening approach 
to one face of the metalated nitrile. The alkylations were selective (4.5 - 2.0:1) for 
67a, consistent with alkylation from conformation 66' (Scheme 12). 
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Scheme 12. Stereoselective 1, 3-asymmetric induction 
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Higher levels of 1, 3-asymmetric induction are achieved with hydroxy nitriles 68 
because internal chelation imparts greater conformational bias for selective 
alkylation (Scheme 13).54 Chelation-controled deprotonation through 69 is thought 
to afford complex 70 in which the small nitrile group occupies the sterically 
demanding axial-like orientation. Alkyl halides preferentially attack the carbon-
magnesium σ-bond to install the new quaternary center with retention of 
configuration 71 (dr 16.0-4.7:1). Ester electrophiles, with larger, more diffuse π* 
orbitals, preferentially attack the backside of the carbon magnesium bond through 
a co-linear two-center, two-electron transition structure with inversion of 
configuration. The resulting ketone is not the final product, a highly selective 
internal hydride delivery occurs from the proximal isopropylmagnesium alkoxide 
(70) to afford the dihydroxy nitrile 72 as the only diastereomer detectable by 1H 
NMR.  
 
 
- 33 - 
 
 
 
X
MgR1 R2
CNi-Pr
O
ClMg
R1
HO
CN
R2
R1
HO
CN
R3R2
68
70
71
69
O
Mg
R1 R2
H
NC
i-Pri-Pr
O
MgR1 R2
Ci-Pr
R3X
i-PrMgCl
MgCl
ClMg
N
Alkyl
Acyl
R1
HO
CN
R2
72
R3
70'''
R3
O
OEt
HO
R3
O
MgR1 R2
Ci-Pr
ClMg
OEt
R3
ON70'
O
Mg O
t-Bu
CN
R
H
70  
Scheme 13. 1, 3-Asymmetric Alkylation of Hydroxynitrle 
 
 
1.4 α-Arylation of Metalated Nitriles 
 
The α-arylacetonitrile motif is an important structural core in several 
pharmaceuticals2 that is readily assembled through α-arylation of alkylnitriles 
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(Figure 1.3). Direct access to α-arylacetonitriles is possible through palladium-
catalyzed α-arylation, though the technology has emerged much more slowly than 
the comparable reactions of carbonyl compounds because of the low acidity of 
alkylnitriles. 55 The challenge with α-arylation is that arylalkylnitriles, are more 
acidic than the starting alkylnitriles, which predisposes palladium-catalysis toward 
diarylation. Fortunately, through a judicious choice of ligand and metal, particularly 
zinc,56 which affords a less basic metalated nitrile, the α-arylation can usually be 
efficiently achieved.  
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Figure 1.3 Cyclohexylcarbonitrile-based pharmaceuticals 
 
 
Among α-arylnitrile pharmaceuticals are a valuable subset containing the 
cyclohexanecarbonitrile core (Figure 1.3). The requirement for controlling the 
quaternary nitrile stereochemistry in couplings with cyclohexanecarbonitriles led 
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to an efficient palladium-catalyzed coupling with an unusual diastereoselectivity 
preference. 57  Various conformationally constrained cyclohexanecarbonitriles 
preferentially afford α-arylcyclohexanecarbonitriles with the small nitrile in an 
axial orientation but with diastereomeric ratios that do not directly coordinate with 
the substituents steric demand. Deprotonating the cyclohexanecarbonitriles 78 with 
the versatile tetramethylpiperadide base TMPZnCl.LiCl 58  affords, through 
equilibration, the zincated nitrile 79 that engages the palladium(II) complex 79 to 
afford the axial and equatorial C-palladated nitriles 80a  and 80b. Reductive 
elimination involves a delicate interplay between the electronic influence of the 
aromatic group and the ring substituents that modulate the s character at the 
metalated carbon (Scheme 14). 
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Scheme 14. Catalytic cycle for Pd-catalyzed arylation 
 
 
1.5 Regioselective alkylations and arylations of alkenenitriles 
 
Relatively few alkylations have been performed on metalated nitriles generated by 
deprotonating alkenenitriles 82,5 perhaps because alkenenitriles are good Michael 
exceptors that are prone to self-condense.59 TMPZnCl.LiCl is particularly effective 
for the deprotonation-arylation of unsaturated nitriles, probably because the 
intermediate organozinc species are insufficiently nucleophilic to engage in a 
Michael addition.60 The reaction has considerable scope for cyclic and acyclic 
- 37 - 
 
 
 
nitriles with modestly functionalized aryl bromides or E- and Z-vinyl iodides that 
retain configuration. Most surprisingly, the coupling affords the conjugated 
alkenenitrile arising from γ-arylation, implying that the preferred palladium 
intermediate is 84 in which the nitrile is conjugated with the adjacent olefin 
(Scheme 15). 
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Scheme 15. Pd-catalyzed coupling of alkenenitriles 
 
 
Complementing the palladium-catalyzed γ-arylation is a copper-catalyzed α-
alkylation or arylation of cyclic 5-7 membered α, β-unsaturated nitriles (Scheme 
16). Deprotonating cyclic formation of an amido-cuprate, generated from LDA and 
CuCN, is critical to the success of the alkylation. The amido cuprate is thought to 
complex the nitrile π-bond, positioning the basic nitrogen adjacent to the γ-proton 
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for deprotonation. Trapping the lithiated nitrile with various electrophiles 
regioselectively affords the α-alkylated, quaternary nitriles 90. 61  Alternatively, 
employing 2-chloropyridine or 4-iodobenzonitrile as electrophiles affords the 
corresponding α-arylated nitrile. 
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Scheme 16. Metalated Nitriles Deconjugation Alkylation Mechanism 
 
 
1.6 Diastereoselective Alkylations of Cyclic Metalated Nitriles 
 
The two different metal coordination sites in N- and C-metalated nitriles, 
particularly those in conformationally constrained cyclohexanecarbonitriles, confer 
- 39 - 
 
 
 
distinctly different nucleophile geometries. Alkylations of N- and C-metalated 
nitriles 91 and 92, derived from 4-(tert-butyl)cyclohexane-1-carbonitrile, illustrate 
the difference (Scheme 17):62 approach of methyl idodide to the planar nitrile occurs 
with a modest 2.8:1 preference for equatorial alkylation because of the steric 
compression encountered in an axial trajectory. Methylation of the corresponding 
C-magnesiated nitrile 92, generated by bromine-magnesium exchange, occurs only 
from the equatorial direction suggesting that the alkylation occurs with retention of 
the carbon-magnesium bond. However, the carbon-magnesium bond is labile as 
implied through an in situ bromine-magnesium exchange-acylation of a 1:1 
diastereomeric mixture of 78b that exclusively affords the nitrile resulting from 
equatorial acylation (93, Me = CO2Me).47 
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Scheme 17. Stereoselective N- and C-Metalated Nitrile Alkylations 
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The structural integrity of the carbon magnesium bond in the C-magnesiated nitrile 
94 is enhanced through internal chelation, which effectively encapsulates the 
metal.63 Alkylations of 94a with alkyl iodides and sulfonates alkylate by alignment 
of the electrophilic σ* orbital with the nucleophilic C-Mgσ bond. 64 Although the 
alignment is far from optimal, the alternative approach to the small lobe of the C-
Mgσ bond is sterically prohibitive (Scheme 18). Despite the three-center two-
electron transition structure emanating from 94a'' the axial alkylation is remarkably 
efficient. 
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Scheme 18. Electrophile-dependent alkylations 
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Alkylations with allylic and benzylic halides afford mixtures of quaternary nitriles 
in which alkylation occurs from both the axial and equatorial directions. 
Mechanistic experiments reveal that single electron transfer from the formal 
dianion 94a is at least partially responsible for the erosion of stereochemistry. 
Partial alkylation through radical rebound of the nitrile stabilized radical 95 likely 
favors formation of 20 in which the less sterically demanding nitrile is in the axial 
orientation.  
The preference for axial alkylation can be reversed by disrupting the internal 
complexation of the magnesium-carbon bond. Intercepting the magnesiated nitrile 
95 with the lithium alkoxide 97 releases the internal carbon-magnesium bond in 
favor of forming the oxygen-bound magnesiate 98. Alkylation of the resulting 
planar lithiated nitrile preferentially occurs from the equatorial direction providing 
predominantly 96a, accompanied by a minor amount of the axial nitrile that 
presumably arises through alkylation via 94a'. 65  The conversion of the C-
magnesiated nitrile to the corresponding N-lithiated nitrile provides a route to 
diastereomeric nitriles from the same precursor (Scheme 19). 
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Scheme 19. N-Lithiated Nitriles Diastereoselective Alkylation 
 
 
Alkylations of the C-magnesiated nitrile 94a with carbonyl-containing 
electrophiles exhibit stereoselectivity that depend on the steric and electronic nature 
of the carbonyl compound. Reactive carbonyl electrophiles with large, diffuse π* 
orbitals, such as methyl cyanoformate and benzoyl cyanide, alkylate with inversion 
of configuration (Scheme 20, 94a'''). Presumably the alkylations proceed through 
overlap of the π* orbital with the small σ lobe from the C-Mg bond, an overlap that 
benefits by proceeding through a collinear, two-center, two-electron transition 
structure. Less reactive carbonyl electrophiles with smaller π* orbitals, or sterically 
demanding carbonyl electrophiles, such as cyclohexanone, are unable to access the 
small C-Mgσ and therefore alkylate from the axial direction with retention of the 
carbon-magnesium bond configuration (94a'''' → 100). Collectively, 1,2-1,4-
addition alkylations or acylations install three new stereo centers with excellent 
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control over the stereochemistry of the nitrile bearing carbon either through 
judicious selection of the electrophile or an alkoxide. 
 
 
MeMgCl
(3.5eq)
20
CN
O
94a'''
O
Mg
CN
O
X
RX2Mg
O
Mg
CN
94a''''
O
X
R
MgX2
R X
O
O
CN
O
MeO
O
OMe
For 
NCCO2Me
For 
C6H10O
HO
CN
100 (68%)
HO
For small R For large R
99 (61%)  
Scheme 20. Stereoselectivity preferences of carbonyl electrophiles 
 
 
The cyclic C-magnesiated nitrile 94a is remarkable in exhibiting an unusual 
preference for acylation on nitrogen with acid chlorides (Scheme 21). 66 Sequential 
addition of two Grignard reagents affords the C-magnesiated nitrile 94a that is a 
highly charged nucleophile with a carbon scaffold that is sterically impregnable to 
pivaloyl chloride, which instead acylates on nitrogen to afford the acyl ketenimine 
101. Ketenimines are notoriously reactive,67 with 101 rapidly reacting with excess 
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R1MgX, or through addition of external Grignard, to afford enamide 103. The 
conversion of the cyclic nitrile 20 to a densely functionalized enamide 103 installs 
four new bonds in a process that highlights the diverse reactivity of metalated 
nitriles. 
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Scheme 21. Multicomponent synthesis of enamides through N-acylation 
 
 
1.7 Diastereoselective Metalated Nitrile Cyclizations 
 
Cyclic nitriles, particular cyclohexanecarbonitriles, have a relatively rigid core that 
allows the variable geometry of metalated nitriles to be relayed into alkylation 
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trajectories that dictate the cyclization stereochemistry. The strategy is succinctly 
captured in the metal-dependent cyclizations to cis- and trans-decalins (Scheme 
22). 68  Cyclization of the planar, inductively stabilized potassiated nitrile 105 
preferentially proceeds through 105c to the cis-decalin 107 (4.5:1 ratio of 107:108) 
because the torsional strain imposed in the electrophilic tether prevents cyclization 
from 105. Although 105 would cyclize to the cis-decalin 107, the confirmation is 
disfavored by significant syn-axial steric compression. Performing the same 
cyclization in refluxing THF preferentially affords the trans-decalin 108 (1:6.3 ratio 
of 107:108). In refluxing THF the cation is only loosely associated, which favors a 
pyramidal nitrile anion 106. Access to the tetrahedral geometry allows the small 
nitrile group to adopt an axial orientation in the developing trans-decalin 106c, 
which avoids placing either the sidechain (106a) or the developing carbon-carbon 
bond (106b) and the axial orientation. 
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Scheme 22. Diastereoselective Metalated Nitrile Cyclizations 
 
 
Greater stereoselectivity for the cyclization of 104 to a trans-decalin is possible 
using a cuprated nitrile, which NMR analyses show prefer to be bound to the 
nucleophilic carbon atom. Deprotonation of 104 at -78 oC generates a lithiated 
nitrile that is slow to cyclize such that addition of methyl copper provides access to 
the cuprated nitrile 109. Cuprated nitrile 109 prefers to place the nitrile in the 
sterically demanding axial position with copper in an equatorial orientation from 
which reductive elimination affords exclusively the trans-decalin 108 (Scheme 
23).69 The cuprated nitrile cyclization is very selective but weakly nucleophilic; 
formation of the corresponding hydrindane requires silver tetrafluoroborate. 
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Scheme 23. Trans-decalin Formation 
 
 
An alternative strategy for highly stereoselective cyclizations is to define the nitrile 
anion geometry by internal chelation. Deprotonating the hydroxy nitriles 110 with 
excess LiNEt2 permits selective cyclization to either the cis- or trans-decalin 
through internal chelation with the axial or equatorial alkoxide, respectively. 
Complexation 70  between the nitrile π electrons and the lithium cation of the 
adjacent alkoxide effectively locks the lithiated nitrile in a pyramidal geometry 
relaying the chirality from the carbinol to the nucleophilic orbital. Cyclization of 
110 occurs preferentially to afford the trans-decalin 112 consistent with cyclization 
through the internally complexed dianion 111. An analogous cyclization of the axial 
diastereomer 113 through complex 114 affords the cis-decalin 115 (Scheme 24). 
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Scheme 24. Hydroxynitrile Decalin Synthesis 
 
 
A measure of the efficacy of the stereo control from chelation is seen in the 
cyclization of nitrile 116 to the trans-hydrindane 118 (Scheme 25). The formation 
of trans-hydrindanes is challenging because the inherent distortion imposed by the 
trans-ring junction leads to less stable structures than the corresponding cis-
hydrindane. For 116 the cyclization through 117 is kinetically controlled with 
chelation favoring an axial nitrile with an equatorial nucleophilic orbital ideally 
aligned for cyclization to trans-hydrindane 118. 
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Scheme 25. Stereocontrol Decalin Synthesis 
 
 
Stereodivergent metalated nitrile cyclizations can be controlled with a single 
hydroxyl stereochemistry by exploiting the different N- and C-coordination modes 
of monovalent and divalent lithium and magnesium cations, respectively. 
Deprotonating the hydroxy nitrile 119 with two equivalents of i-PrMgCl triggers an 
internal deprotonation through complex 120 where the basic Grignard-like moiety 
is ideally positioned adjacent to the acidic proton and distal to the potentially 
electrophilic nitrile group. Nucleophilic displacement on the carbon – chlorine 
bond occurs through a side-on SE2Ret orbital overlap to afford the cis-decalin 124 
because the alternative SE2Inv colinear approach to the small lobe of the carbon-
magnesium bond is too sterically demanding (Scheme 26).71  
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Scheme 26. Stereodivergent metalated nitrile cyclizations 
 
 
Stereodivergent cyclization of 119 to the trans-decalin 124 is readily achieved 
through the corresponding lithiated nitrile 122. Preferential coordination of lithium 
to the nitrile nitrogen favors a nitrile anion whose geometry is dictated by internal 
coordination with the Lewis acidic lithium on the adjacent alkoxide (122). 
Cyclization from 122 translates the stereochemistry of the equatorial nucleophile 
into the trans-decalin 124. Collectively, these two cyclizations show how the 
complementary coordination modes of N-lithiated and C- magnesiated nitriles can 
be translated into different stereochemical preferences and cyclizations. 
Lithiated cyclohexanecarbonitrile is particularly nucleophilic and ideally suited to 
forge hindered vicinal quaternary-tertiary and quaternary-quaternary stereocenters 
(Scheme 27). 72 Deprotonating 125 with excess butyllithium generates a formal 
lithium dianion with an exceptional propensity to displace a secondary electrophile 
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in preference to an SN2' displacement. The regio selectivity likely reflects the 
smaller than expected steric demand of the tied-back nitrile anion and the highly 
charged nucleophile that interacts strongly with the polarized σ* orbital of the 
carbon-chlorine bond. In cases where attack of the lithiated nitrile involves a 
competition between a facile SNi' 6-exo-trig displacement and an SNi closure to an 
eight membered ring, ring closure to the trans-decalin predominates. Related SNi' 
displacements with a tethered propargylic chloride have been developed to generate 
allene-substituted hydrindanes.73 
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Scheme 27. Stereodivergent Metalated Nitrile Cyclizations 
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1.8 Chemoselective Alkylations of Metalated Nitriles. 
 
Chemoselectivity is considered one of the greatest challenges in organic 
synthesis. 74  The ability to manipulate functionalized scaffolds with excellent 
precision offers improved atom economy by avoiding protecting groups and 
potentially allowing rapid access to diverse analogs for biological exploration.75 
Transition metal catalysis is providing a valuable suit of reagents for 
chemoselective manipulations revealing pressing challenges, 76  specifically 
chemoselective transformations to install quaternary centers.  
Chemoselective reactions of C- and N-metalated nitriles were predicated on 
conceptualizing the two structures as essentially distinct organometallics.47 
Scouting experiments to probe reactivity preferences employed a mixture of 
electrophiles with either the N-lithiated nitrile 7 or the C-magnesiated nitrile 8a 
(Scheme 28). High chemoselectivity preferences were observed: C- metalated 
nitriles selectively acylated carbonyl-containing electrophiles, whereas N- 
metalated nitriles preferentially attacked alkyl halides (Scheme 29).77  
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Scheme 28. Metalated Nitriles Chemoselective Alkylations with Electrophile Pairs 
 
 
Establishing the chemoselectivity preferences provided the fundamental profiles 
for selective reaction with bifunctional electrophiles.77 The chemoselective 
alkylations of the C- and N- metalated cyclopentancarbonitriles with the bromo-
amide 134 are illustrative:  the magnesiated nitrile 86 selectively acylates the amide 
to afford ketonitrile 135 whereas the lithiated nitrile 7a displaces the bromide to 
afford amide-ester 136. 
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Scheme 29. Metalated Nitriles Chemoselective Alkylations with Bis-Electrophile 
 
 
Mechanistically, the chemoselective alkylations are thought to reflect different 
chelation preferences with the electrophiles. The N-lithiated nitrile places the Lewis 
acidic lithium remote from the nucleophilic orbital. Complexation of the Lewis 
acidic lithium with carbonyl electrophiles effectively sequesters the electrophile 
from approaching the nucleophilic carbon while allowing the alkyl halide 
unimpeded approach for carbon-carbon bond formation (Scheme 30). The 
magnesium nitrile 138 chelates the carbonyl electrophile, which places the 
nucleophilic carbon and the activated electrophile in close proximity. Scission of 
the carbon-magnesium bond followed by rapid attack on the activated electrophile 
leads to the acylated nitrile. 
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Scheme 30. Metalated Nitriles Chemoselective Alkylations 
 
 
The formation of metalated nitriles can be achieved under an array of different 
conditions other than standard deprotonation with metal amide bases. The use of 
sulfinyl- and sulfonylnitriles is particularly advantageous in allowing alkylations 
with very mild bases, avoiding the use of two equivalents of a reactive 
organometallic. Engaging a variety of exchangeable groups, halides, sulfoxides, 
sulfones, and sulfides, provides methylated nitriles under extremely mild 
conditions in the presence of functionalities that would not be compatible with 
metal amide bases. The strategy overcomes a longtime challenge of selectively 
generating metalated nitriles in the presence of acidic functionality. 
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 Metalated nitriles are extremely versatile chemical chameleons because solvent, 
temperature, chelation, and judicious choice of the metal ion allows access to two 
different coordination modes. The N- and C-metalated nitriles are best thought as 
to complementary organometallics with distinctly different geometries, 
regioselectivity preferences, and chemoselectivity. Harnessing these differences 
allows the stereoselective formation of hindered quaternary centers, often with 
access to diastereomeric systems simply through the addition of a simple additive. 
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Chapter 2: Chemoselective Alkylations with N- and C-Metalated Nitriles 
(Taken in parts from Org Lett. 2015, 17, 4906-4909.) 
2.1 Introduction 
 
Chemoselectivity is one of the greatest challenges to efficient complex molecule 
synthesis.78 The "preferential reaction of a chemical reagent with one of two or 
more different functional groups," 79  allows bond-construction with increased 
synthetic efficiency because functional group protection and oxidation adjustment 
is unnecessary.80 Precise functionalization is particularly advantageous in the late 
stages of complex syntheses where the targets are functionally rich natural products 
or pharmaceuticals.81   
 
2.2 Background 
 
Buried within the copious reactions of metalated nitriles are sporadic examples of 
chemoselective alkylations.82 Selective electrophile attack roughly correlates with 
the two N- and C-metalated nitrile structures in which the metal is coordinated to 
the nitrile nitrogen or the nucleophilic carbon, respectively (Scheme 1).  
Alkylations of the N-lithiated and C-cuprated cyclohexanecarbonitriles 2a and 4a,83 
respectively, with propargyl bromide illustrate the different electrophile 
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preferences; the N-lithiated nitrile 2a affords alkynenitrile 3, whereas the C-
cuprated nitrile 4a affords allene-nitrile 5 (Scheme 1).84 The reactions illustrates the 
potential to generate different N- and C-metalated nitrile structures, from the same 
precursor, for divergent, chemoselective alkylations. 
 
 
Br
X=Br;
CN
X
X=H;
CN
N-LithiatedC-Cuprated
CN
1a
 
X
 = H
1b
 
X
 = Br
35
(72%)
C
N Li
2a
CN
CuMe
Br
(73%)
4a
LDAMe2CuLi
 
Scheme 1. Divergent metalated nitrile alkylations 
 
 
Scouting experiments to probe chemoselectivity differences between N- and C-
metalated nitriles were performed with metalated nitriles derived from 
cyclohexanecarbonitrile (1a). Metalated cyclohexanecarbonitriles are ideal 
prototypes because N- and C-metalated nitriles are readily prepared, 85  the 
stereoselectivity trends and the N- and C- coordination preferences for lithiated, 
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magnesiated, and cuprated cyclohexanecarbonitriles are well established,86  and the 
cyclohexanecarbonitrile core is a prevalent motif in pharmaceuticals.87  
 
2.3 Metalated Nitriles Chemoselective Alkylation 
 
Exploratory chemoselective alkylations employed the N-lithiated nitrile 2a and a 
1:1 ratio of methyl cyanoformate and benzyl bromide (Scheme 2). Despite a high 
reactivity of both electrophiles, the benzylated nitrile 6a was formed exclusively. 
An alternative preparation of the N-lithiated nitrile 2a, through a sulfinyl-lithium 
exchange (1c → 2a, Scheme 2), followed by addition of a 1:1 ratio of methyl 
cyanoformate and benzyl bromide afforded the benzyl nitrile 6a in essentially the 
same yield as from the LDA-initiated deprotonation. Collectively, these alkylations 
imply that the diisopropylamine formed during the deprotonation, which typically 
coordinates to lithiated nitriles, 88  does not play a role in determining the 
chemoselectivity. 
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(for 1a)
A. MgBr2
 
(96%)
B. i-PrMgCl (94%)
i-PrMgCl
For 1b or 1c
CN
CN
Ph
X
1a X=H
1b X=Br
1c X=SOPh
C
N
Li
CN
MgCl
2a
CN
O
OMe
7a
BuLi
(for 1c)
8a
6a
NC
O
OMe
Ph Br
1:1
NC
O
OMe
Ph Br
1:1
(73% from 1b)
(96% from 1c)
(98% from 1a)
(92% from 1c)
 
Scheme 2. Cyclohexanecarbonitrile alkylations 
 
 
In contrast to the alkylations of lithiated nitrile 2a, magnesiated 
cyclohexanecarbonitrile 7a exhibits a complementary chemoselectivity preference 
for methyl cyanoformate (Scheme 2). Preparation of the C-magnesiated nitrile 7a 
by bromine- or sulfinyl-magnesium exchange reactions (1b → 7a and 1c → 7a, 
respectively) and addition of a 1:1 mixture of benzyl bromide and methyl 
cyanoformate affords only the cyanoester 8a in 73% from 1b and in 96% yield from 
1c.89 Alternatively, sequential deprotonation of 1a with LDA, transmetallation with 
MgBr2 to form the C-magnesiated nitrile 7a, and addition of a 1:1 mixture of benzyl 
bromide and methyl cyanoformate exclusively afforded the ester nitrile 8a (96%).89 
Operationally, the same outcome was achieved by sequential deprotonation of 1a 
with LDA, addition of i-PrMgCl, and then addition of a 1:1 mixture of electrophiles 
which afforded 8a in 94%. The latter procedure is simple and uses a readily 
available Grignard reagent to effect transmetallation. 
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The analogous alkylations of cuprated and zincated cyclohexanecarbonitriles were 
performed to determine if the divergent chemoselectivity preferences were 
uniquely correlated with the metal or with the C- or N-metalated nitrile structures 
(Scheme 3). Formation of the C-cuprated nitrile 4a, prepared through a copper-
bromine exchange with 1b, and exposure to a 1:1 mixture of methyl cyanoformate 
and benzyl bromide only afforded cyanoester 8a.89 Treating the sulfinylnitrile 1c 
with lithium butyldiethylzincate90 afforded a zincated nitrile, tentatively formulated 
with zinc coordinated to carbon (7b), which selectively reacted with the 
electrophile pair to only afford cyanoester 8a.89 The preference of the C-
magnesiated, C-cuprated, and C-zincated nitriles to react with methyl cyanoformate 
suggests that the chemoselectivity is determined by the metal coordination site.  
 
 
Me2CuLi
For
 1b
X
CN
1b X=Br
1c X=SOPh
CN
MLn
CN
O
OMe
4a
 
MLn
 =CuMe
7b
 
MLn
 =ZnR2
8a (63%
 
from
 1b)     
(70%
 
from
 1c)
NC
O
OMe
Ph Br
1:1
Et2ZnBuLi
For
 1c
 
Scheme 3. C-Metalated carbonitrile alkylations. 
 
 
Having discovered the chemoselective alkylations of N- and C-metalated nitriles 
with an equimolar mixture of methyl cyanoformate and benzyl bromide, additional 
pairs of electrophiles were screened for chemoselective alkylations. Early forays 
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indicated a general preference of the magnesiated nitrile 7a for a range of 
oxygenated electrophiles whereas the lithiated nitrile 2a had a more limited 
preference for alkyl halides. Exposure of the lithiated nitrile 2a to a 1:1 mixture of 
benzyl bromide and benzoyl chloride afforded only the benzylated nitrile 6a, 
whereas the magnesiated nitrile 7a reacted selectively with benzoyl chloride to 
afford 8b (Table 2.1, entry 1). Addition of a 1:1 mixture of BnBr and PhSSPh to the 
lithiated nitrile 2a led to a 3.0:1 preference for alkylation with BnBr while the 
magnesiated nitrile 7a exhibited a 20.0:1 preference for sulfenylation (Table 2.1, 
entry 2). Effort to identify additional electrophiles that react preferentially with the 
N-lithiated nitrile 2a led to a selective reaction with a 1:1 mixture of allyl bromide 
and bromoacetophenone; the lithiated nitrile exhibited a 5.0:1 preference for allyl 
bromide over bromoacetophenone whereas the magnesiated nitrile 7a reacted 
exclusively with bromoacetophenone to afford epoxide 8d (Table 2.1, entry 3). 
Selective alkylation of the lithiated nitrile 2a with an aliphatic iodide was achieved 
with iodohexane and ethyl benzoate (Table 2.1, entry 4). 
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Table 2.1. Chemoselective Alkylations with 1:1 Electrophiles 
Entry Electrophile Alkylated nitrile (% yield) 
From C- magnesiated 7a    From N-lithiated 2a 
1 Ph
O
Cl
Ph Br
1:1
 
CN
O
Ph
   
8b 
8b : 6a (>20:1)
(72%)  
CN
Ph
   
6a 
6a : 8b (>20:1)
(75%)  
2 Ph
S S
Ph Br
1:1
Ph
 
CN
S Ph
   
8c 
8c : 6b (20:1)
(84%)  
CN
Ph
   
6a
6a : 8c (3.0 : 1)       
(72% )  
3 Ph
Br
1:1
Br
O
 
CN
Ph
O   8d 
8d : 6b (>20:1)
(81%)  
CN
   
6b
6b : 8d (5.0: 1)        
(78% )  
4 
OEtPh
O
I
1:1
( )5  
CN
Ph
O   8b 
8b : 6c (>20:1)
(74%)  
CN
6c 
6c: 8b (>20:1)
(55%)
(
 
)5
 
 
 
The chemoselectivity preferences of N-lithiated and C-magnesiated nitriles in 
alkylations with a 1:1 mixture of methyl cyanoformate and benzyl bromide is 
maintained in a series of structurally diverse nitriles (Table 2.2). In general, C-
magnesiated nitriles exhibit higher selectivity for methyl cyanoformate than the 
corresponding N-lithiated nitrile does for benzyl bromide. Formation of the N-
lithiated nitrile from the norbornene-nitrile 1d and exposure to methyl 
cyanoformate and benzyl bromide afforded only benzyl nitrile 6d; the 
corresponding C-magnesiated nitrile generated the ester nitrile 8e (Table 2.2, entry 
1). The lithiated nitrile derived from cyclopentanecarbonitrile (1e) selectively 
- 64 - 
 
 
 
alkylated benzyl bromide whereas the sequential lithiation and alkylation of 
cycloheptanecarbonitrile (1f) is relatively non-selective. In contrast, both 
magnesiated nitriles derived from 5- and 7-membered cyclic nitriles exhibit a high 
preference for acylation (Table 2.2, entries 2, 3, respectively). The lithiated nitrile 
derived from acyclic nitrile 1g alkylates stereoselectively but not chemoselectively, 
whereas the lithiated nitriles obtained from acy-clic nitriles 1h and 1i, which have 
a diminished steric demand relative to 1g, exhibit a greater selectivity for benzyl 
bromide (Table 2.2, compare entries 5 and 6 with entry 4). All three acyclic 
magnesiated nitriles derived from 1g, 1h, and 1i exhibit a high preference for 
acylation with methyl cyanoformate (Table 2.2, entries 4-6). Addition of an 
equivalent of LiCl to the lithiated nitrile derived from 1i, which contains a potential 
chelating γ-methoxy group,91 renders the reaction non-selective (Table 2.2, entry 6), 
suggesting disruption of an association between the lithiated nitrile and the 
electrophile. 
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Table 2.2. Chemoselective Metalated Nitrile Alkylations 
R2
R1 CN
R2
R1
CN
X
1
8
+R
2
R1
CN
6
Ph
OMe
ONC
O
OMe
Ph Br
1:1
R2
R1
C
N
Li
R2
R1 CN
MgX
or
LDA or
i-PrMgCl or
LDA, MgX2
BuLi
 
Entry Electrophiles 
Alkylated nitrile 
From N-Li 2   From C-Mg 7          
1 1d
CN
S
O Ph
 
CN
Ph
    
6d 
6d : 8e (>20:1)
(70%)           
CN
O
OMe
   
8e
8e : 6d (>20 : 1)
(82% )  
2 
CN
1e  
CN
Ph
 
6e : 8f (5.0 : 1)
(72%)
CN
O
OMe
8f : 6e 
 
(12 : 1)
(62%)
6e 8f
 
 
3 1f
CN
 
CN
Ph
6f : 8g (1.2 : 1)
(75%)
CN
O
OMe
8g : 6f (33 : 1)
(78%)
6f 8g
 
4 1g
Ph
CN
 6g : 8h (1.1 : 1)
(70%)
CN
Ph
Ph
6g : 8h (>19 : 1)
(55% )
CN
Ph
MeO
O
6g 8h
 
5 1h
Ph
CN
SPh
 6h : 8i (2.0 : 1)
(75%)
Ph
CN
Ph
8i : 6h (6.7 : 1)
(72%)
Ph
CN
O
OMe
6h 8i
 
6 
1i
CN
MeO SPh
 
CN
MeO Ph
6i : 8j (4.0 : 1)
(75%)
CN
MeO
O
OMe
8j : 6i (15 : 1)
(91%)
a
6i 8j
 
 
a Addition of LiCl (1 equiv.) leads to a 1.7:1 ratio of 6i: 8j (88% yield). 
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The chemoselectivity trends of electrophile pairs suggested that C-magnesiated and 
N-lithiated nitriles derived from the same nitrile should react with a bifunctional 
electrophile at different electrophilic sites.92 Optimization led to chemoselective 
alkylations of metalated cyclohexanecarbonitrile with the bromoamide 9 (Scheme 
4). Exposure of the lithiated nitrile derived from 1a to bromoamide 9 led to a greater 
than 99:1 preference for the cyano amide 10a, whereas intercepting the 
corresponding magnesiated nitrile derived from 1c preferentially afforded 11a with 
trace amide 10a (24:1 ratio). An analogous alkylation of the bromoamide 9 with 
cyclopentanecarbonitrile (1e) was even more selective. 93  Alkylation of lithiated 
cyclopentanecarbonitrile with 9 only afforded the amide 10b, whereas alkylation 
with chloromagnesium cyclopentanecarbonitrile exclusively gave the bromoester 
11b (Scheme 4).  
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Scheme 4. Chemoselective alkylations with a bromoamide 
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Using the same principle, two chemodivergent alkylations were performed with 
cyclohexanecarbonitrile (1a) and the iodoester 12 (Scheme 5). Sulfinyl-lithium 
exchange of 1c with BuLi followed by addition of iodoester 12 afforded solely the 
cyanoester 10c through selective iodide displacement, whereas sulfinyl-magnesium 
exchange of nitrile 1a with i-PrMgCl and alkylation with 12 afforded only the 
cyanoketone 11c.93 
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Scheme 5. Chemoselective iodoester alkylations 
 
 
2.4 Tentative Chemoselective Alkylation Mechanism 
The ability of the N- and C- metalated nitrile structures to direct the chemoselective 
alkylations suggests that associative electrophile interactions control the selectivity, 
a notion supported by the disruptive influence of LiCl. Addition of a mixture of 
electrophiles to a lithiated nitrile likely results in coordination of oxygen-containing 
electrophiles to the Lewis acidic lithium, which serves to prevent alkylation by 
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anchoring the electrophile remote from the nucleophilic carbon (Scheme 6, 13). 
Alkyl halides, being weaker Lewis bases, may be able to directly approach the 
nucleophilic carbon resulting in alkylation through 13 to 6.  
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X
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Scheme 6. Mechanistic explanation for the chemoselectivity 
 
 
C-Magnesiated nitriles likely coordinate oxygenated electrophiles close to the 
nucleophilic carbon (Scheme 6, 14). Complexation increases the carbonyl 
electrophilicity and the electron density on magnesium, which promotes alkylation 
either through the C-magnesiated nitrile 14 or by scission of the weak C-Mg bond 
to form a transient N-magnesiated nitrile or a nitrile-stabilized carbanion. Close 
proximity with the activated electrophile complex would then trigger rapid 
alkylation to afford the nitrile 8. The preference of C-magnesiated nitriles for 
oxygenated electrophiles does not preclude alkylations with alkyl halides. 
Magnesiated nitriles are configurationally labile and readily equilibrate from C-
magnesiated to N-magnesiated nitriles through conducted tour or ion exchange 
mechanisms.94  Consistent with this mechanistic suggestion, for alkylations of the 
lithiated nitrile 2a with mixtures of benzyl bromide and methyl cyanoformate, 
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increasing the ratio of methyl cyanoformate from 1:1 to 2:1 through 5:1 to 10:1 
results in higher ratios of the ester 8a relative to the benzyl nitrile 6a (3.1:1, 5.0:1, 
and 10.1:1, respectively). 
Further support for the proposed chelation-derived chemoselectivity was gleaned 
from alkylations with the metalated cyclopropanecarbonitriles 7c and 7d (Scheme 
7). Generation of the C-lithiated nitrile 7c and exposure to the bromoamide 15 
afforded only the ketonitrile 8k in which the carbonyl is selectively attacked. The 
reversed chemoselectivity preference, compared to other lithiated nitriles (cf. 
Scheme 2), is consistent with the C-lithiated structure of 
cyclopropanecarbonitriles.95 The magnesiated nitrile 7d selectively acylated 15 to 
afford 8k. These acylations, particularly of the lithiated nitrile 7c, are congruent 
with the chemoselectivity arising from the metal coordination site. 
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Scheme 7. Mechanistic probe for the chemoselectivity 
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2.5 Chemoselective Cross-Over Experiment 
The role of coordination was probed through a competition experiment with an 
admixture of lithiated nitrile 2a and magnesiated nitrile 7a (Scheme 8). Addition of 
a solution of 7a to lithiated nitrile 2a, formed by sulfinyl-magnesium and sulfinyl-
lithium exchange, respectively, followed by an equimolar mixture of methyl 
cyanoformate and benzyl bromide afforded 65% of the ester 8a and 10% of the 
benzyl nitrile 6a (8a: 6a = 6.5:1). The product ratio suggests predominant alkylation 
via a magnesiated nitrile, possibly through transmetalation with magnesium halide 
released after alkylation or through a dialkylmagnesium species. Insight into the 
potential identity of the intermediate was gained by 13C NMR analysis of the 
species formed by addition of the lithiated cyclohexanecarbonitrile (2a) to the 
magnesiated nitrile 7a. The diagnostic 13C chemical shift83 of the nitrile carbon of 
7a (δ = 129.63) shifted slightly to δ = 129.10 upon addition of lithiated nitrile 2a (δ 
= 164.81) suggesting selective acylation via the dialkylmagnesium 16.  
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Scheme 8. Metalation cross-over experiment 
 
- 71 - 
 
 
 
 
2.6 Conclusion 
In summary, chemoselective alkylations of N- and C-metalated nitriles allow 
preferential nucleophilic attack with different electrophiles. For comparable 
alkylations from the same nitrile precursor, N-lithiated nitriles prefer to react with 
alkyl halides, whereas C-magnesiated nitriles preferentially alkylate oxygenated 
electrophiles. Alkylations with bis-electrophiles allow selective attack at different 
electrophilic sites simply by judicious choice of the metal cation. The 
chemoselective alkylations of metalated nitriles offers the possibility of selective, 
late-stage alkylations of polyfunctional electrophiles for efficient syntheses and the 
creation of diverse natural-product like libraries. 
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Chapter 3: Cyclic Alkenenitriles: Copper-Catalyzed Deconjugative α-
Alkylation 
(Taken in parts from J. Org. Chem. 2016, 81, 4098−4102.) 
 
3.1 Introduction  
Nitriles occupy an unusual niche in natural products96 and pharmaceuticals97 due 
to the exquisitely small, 98  highly polar CN unit. Among cyclic nitriles, 
cyclohexanecarbonitriles, with the ubiquitous six-membered ring, are both versatile 
synthetic intermediates 99 and feature as a core pharmacophore in bioactive targets 
(Fig. 3.1), such as the sponge metabolite cyanopuupehenone (1)100 and the anti-
asthmatic agent Cilomilast (2). 101  Consequently, numerous syntheses of 
cyclohexanecarbonitriles102 have emerged to provide stereocontrolled methods for 
introducing a variety of substituents.103 
 
 
O
MeO
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O
CN
Cilomilast (2)
O
O
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NC
H
H
Cyanopuupehenone (1)  
 Figure 3.1. Bioactive cyclohexanecarbonitriles 
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The chemistry of cyclic alk-1-enecarbonitriles is significantly less developed than that of the 
saturated analogs.104 Classical transformations, such as conjugate addition105 and deconjugative 
α-alkylation, 106  are particularly challenging. 107  For example, the optimal deconjugative α-
alkylation of cyclohex-1-enecarbonitrile requires HMPA and is reported only for alkyl 
iodides.106, 108  Performing the same procedure with cyclopent-1-enecarbonitrile generates 
oligomeric material arising from conjugate addition of the lithiated nitrile to the parent 
alkenenitrile prior to alkylation, a problem that plagues the alkylations of cyclic alkenenitriles.106 
 
 3.2 Results and Discussion 
Insight into the difficulty of alkylating cyclic alkenenitriles was probed by monitoring the reaction 
of cyclohex-1-enecarbonitrile (3a) with LDA. In preparing samples for NMR analysis, a strong 
concentration effect was observed in the deprotonation of cyclohex-1-enecarbonitrile (3a) with 
LDA; attempted deprotonation of a 0.14 M solution of cyclohex-1-enecarbonitrile (3a) caused 
rapid polymerization, whereas the slow deprotonation of a 0.05 M solution under otherwise 
identical conditions (1 h at -80 °C) permitted smooth formation of the corresponding lithiated 
nitrile. The subsequent alkylation with BnBr required less than five minutes at -80 °C (Eq. 1, A).  
 
 
CN CNPh
3a 4a
A. LDA, 0.05M, BnBr (76%)
B. LDA, CuCN, 0.1M, BnBr (98%)
Conditions A or B
 
Eq. 1 
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The requirement for dilute solutions to effectively alkylate cyclohexanecarbonitrile, and the 
inability to extend the procedure to cyclopent-1-enecarbonitrile (3c), stimulated a search for a more 
general deconjugative α-alkylation method for 5-7–membered cyclic alkenenitriles. Conceptually, 
nitrile complexation by a Lewis acid should facilitate a rapid deprotonation and minimize self-
condensation provided the species is compatible with LDA. The choice of an activating agent was 
guided by the complexation of cyclohex-1-enecarbonitrile (3a) with copper (I) salts109 and the 
diminished reactivity of cuprated nitriles relative to lithiated nitriles, which should decrease the 
propensity toward conjugate addition with the alkenenitrile. 110   After some optimization, an 
excellent procedure was developed111 in which a THF solution of LDA was added to a -78 °C, 
THF suspension of CuCN (10 mol%).112 NMR monitoring of the resultant clear "amido cuprate"113 
solution revealed that deprotonation of cyclohex-1-enecarbonitrile was slow at -80 °C but was 
accelerated, without oligomerization, by allowing the solution to warm to -45 °C over 1h. The 
metalated nitrile was subsequently cooled to -78 °C and then BnBr was added to afford the 
benzylnitrile 4a in 98% yield (Eq. 1, conditions B).114 
The copper-catalyzed deprotonation procedure proved to be robust and effective with a variety of 
electrophiles and cyclic 5-7–membered alkenenitriles (Table 3.1).115 Alkyl halides (entries 1-4), 
including a secondary bromide (entry 2), undergo efficient deconjugative α-alkylation with 
cyclohex-1-enecarbonitrile as do carbonyl-containing electrophiles (entries 5-8); the alkylation 
with chlorobutyroyl chloride is selective for acylation over alkylation (entry 8). The activated 
aromatics, 4-iodobenzonitrile (entry 9) and 2-chloropyridine116 (entry 10), afforded α-arylnitriles 
that are structurally similar to several nitrile-containing pharmaceuticals.97 Propylene oxide (entry 
11), and two disulfides (entries 12 and 13) reacted efficiently to afford substituted, deconjugated 
alkenenitriles for further manipulation, vide infra. The homologous cyclohept-1-enecarbonitrile 
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efficiently alkylated BnBr in 78% yield (entry 14). Modifying the protocol, by using a 0.05M 
solution and two equivalents of the amido cuprate, 117  allowed alkylations of cyclopent-1-
enecarbonitrile (entries 15 and 16). Collectively these alkylations demonstrate the value of 
employing CuCN for the deconjugative α-alkylation of cyclic nitriles. 
 
 
Table 3.1. Deconjugative α-Alkylation of Alkenenitrilesa 
entry alkenenitrile        electrophile          alkylated nitrile 
1 CN
3a  
Br
 
4b (88%
 
)
CN
 
2 CN
3a  
Br
Ph   
4c (78% )b
CN
 
3             CN
3a  Br  
 
4d (82% )
CN
 
4 CN
3a  
I
( )5
 
4e (72%)
CN( )5
 
5 CN
3a  
O
Cl  
4f (92%)
CN
O
 
6 CN
3a  
O
CN
MeO
 
4g (88%)
CNMeO
O
 
76 
 
 
7 CN
3a  
O
 
4h (90%)
CN
OH
 
8 CN
3a  
Cl
Cl
O
 
4i (73%)
CN
O
Cl
 
9 
CN
3a  
I
NC
 
4j (94%)
CN
NC
 
10 CN
3a  
N
Cl  
4k (72%)
CNN
 
11 CN
3a  
O  
4l (88%)b
CN
HO
 
12 CN
3a  
N
S
S
N
 4m
 
(63%)
CNS
N
 
13 CN
3a  
S
S
 4n
 
(85%)
CNS
 
14 CN
3b
 
Ph Br  
4o (78%)
CNPh
 
77 
 
 
15 CN
3c  
I
( )5
 
CN
4p (92%)
( )5
 
16 CN
3c  
N Cl  
CNN
(4q,
 
52%)  
a The general procedure employed 1.2 equiv of LDA at -78 °C with 0.1 
equiv of CuCN. The alkenenitrile was added; then the reaction was allowed 
to warm to -45 °C over 1h. The solution was cooled to -78 °C and then the 
electrophile was added. Reactive electrophiles were left at -78 °C for 2h 
while the less reactive electrophiles, such as alkyl halides, were allowed to 
warm to rt overnight.  b Obtained as a 1:1 ratio of diastereomers 
 
 
Access to the arylthio-containing nitrile 4n provided a second method for deconjugative α-
alkylation. Nitriles bearing adjacent arylthio substituents react with BuLi to afford nucleophilic 
sulfidates118 that, for 4n, is presumed to generate 5 (Scheme 1). Subsequent alkylation with 2-
chloropyridine provided the pyridyl nitrile 4k in 74% yield, essentially the same as the direct 
deconjugative α-alkylation (Table 3.1, entry 10). The sequence from 4n to 4k proceeds without 
CuCN implying that the CuCN present from the amido cuprate facilitates only the deprotonation 
and not the arylation. 
 
 
CNN
CNPhS
BuLi;
N Cl
CNSPh
Bu
Li
4n
5
4k (74%)  
78 
 
 
Scheme 1. Alternative alkylation route to deconjugated α-alkylated nitriles 
 
 
3.3 Copper-Catalyzed Deconjugation Alkylation Mechanism 
The role of the CuCN is intriguing. Interaction of the nitrile π-bond119 with the amido cuprate may 
position the amide nitrogen close to the γ-proton for deprotonation (Scheme 2). Deprotonation 
would lead to the lithiated nitrile 7 with release of CuCN that could react with LDA to reform the 
copper amide and complete the catalytic cycle.  
 
 
LDA
(1.2 equiv)
3a
6
7
C
N
H
H
CuCNN
i-Pr
i-Pr
C
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N Li
     
CuCN
+ i-Pr2NH
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CN
R
4
RX
CuCN
(0.1 equiv) LDA
 
Scheme 2. Tentative deconjugative α-alkylation mechanism. 
 
 
 
 
3.4 Conclusion 
The experimentally simple deconjugative α-alkylation of cyclic 5-7 membered alk-1-
enecarbonitriles rests on employing an unusual amido cuprate for the deprotonation. The 
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deconjugative α-alkylation is effective with a wide array of electrophiles, including alkyl 
bromides, avoids the polymerization that typically pervades these alkylations, and allows the 
previously inaccessable alkylation of cyclopent-1-enecarbonitrile. The alkylations efficiently 
access diverse quaternary nitriles, several of which contain a carbon scaffold found in bioactive 
nitriles. 
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Chapter 4: Sulfone–Metal Exchange–Alkylation of Sulfonylnitriles 
(Taken in parts from Angew. Chem. Int. Ed. 2017, 56, 7257–7260.) 
 
4.1 Introduction 
Metalation strategies lie at the core of organic synthesis.[120] Formation of metalated nitriles is 
illustrative of the different metalation strategies used to generate organometallics: traditional base-
promoted deprotonation (1 → 2 or 3), [121] halogen-metal exchange (5 → 2 or 3),[122] sulfoxide-
metal exchange (6 → 2/3),[123] and sulfide-metal exchange (7 → 2 or 3, Scheme 1).[124] Each 
strategy has distinct advantages by providing selective access to C-metalated (2) or N-metalated 
nitriles (3) that intrinsically control alkylation chemo-,[125] regio-,[122] and stereoselectivity.[126] 
Conspicuously absent from this list of exchangeable groups is a sulfone (8).[127] 
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Scheme 1. Nitrile-based metalation-alkylation strategies 
 
 
 
4.2 Sulfone-Metal Exchange-Alkylation of Metalated Nitriles 
Conceptually, a sulfone-metal exchange would converge the exceptionally rich chemistry of 
sulfones[128] with the diverse alkylation potential of organometallics while providing a versatile 
alternative to reductive desulfonylation.[129] For sulfonyl acetonitriles 9 an additional advantage 
81 
 
 
lies in using mild base for the alkylation of commercially available sulfonyl acetonitrile[130] (9 → 
10, Scheme 2), obviating the need for two equivalents of a strong base.[121]  
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Scheme 2. Sulfone-directed metalation vs exchange 
 
 
Developing a sulfone-metal exchange requires overcoming the excellent directing group ability 
of sulfones,[131] which channels organometallics to complex-directed ortho deprotonation[132] (11) 
rather than attack at the tetra-substituted sulfur (12). Indeed, attempted sulfone-metal exchange 
with BuLi on the phenylsulfone 10 afforded the imine 13, presumably by complexation, ortho-
deprotonation (11), and attack of the resultant aryllithium on the nitrile. 
Overcoming the deprotonation by replacing the phenylsulfone with a 2-pyridylsulfone (14 → 
15a, Scheme 3) was predicated on the strong chelation of organometallics with 2-pyridines[133] to 
anchor the nucleophilic alkyl group proximal to the electrophilic sulfur (16a). Although no 
exchange occurred on addition of i-PrMgCl to 15a, the more nucleophilic Bu3MgLi triggered a 
smooth sulfone-magnesium exchange between -15 °C and -5 °C [134] (15a → 16a → 17a, Scheme 
3).  Trapping the magnesiated nitrile 17a with BnBr as a test electrophile efficiently afforded the 
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quarternary nitrile 4a. Alternatively, the exchange was equally efficacious with BuLi (5 min, -
78 °C) to afford a lithiated nitrile that was benzylated to afford 4a (Scheme 3). In each case, butyl-
2-pyridylsulfone was generated in high yield.[135] 
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Scheme 3. 2-Pyridylsulfone exchange-alkylation 
 
 
The successful exchange-alkylation stimulated the development of a method to sequentially 
alkylate commercially available 2-pyridylsulfonylacetonitrile (14) with two different electrophiles 
to complement the use of K2CO3 for assembling symmetrically substituted 
sulfonylacetonitriles.[136] DBU was found to perform admirably;[137] sequential addition of DBU 
and two different electrophiles provided an efficient synthesis of unsymmetrical sulfonylnitriles 
(15). 
The sulfonyl-metal exchange-alkylation is effective with diverse electrophiles across a variety 
of different cyclic and acyclic scaffolds (Table 4.1, entries 1-10 and 11-14, respectively). 
Alkylations are efficient with activated (entries 1-2, 7, and 9-14) and unactivated alkyl halides 
(entries 3 and 15), diphenyl disulphide (entry 4), methyl cyanoformate (entries 5, 7) and 2-
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chloropyridine (entry 6), a challenging electrophile for metalated nitrile arylation.[138] Allylation 
of the conformationally constrained cyclohexanecarbonitrile 15c[139]  afforded an 11.3:1 ratio of 
axial to equatorial nitriles (4h, Table 4.1, entry 8), a stereochemical outcome consistent with 
alkylation via an equatorially oriented, configurationally labile, C-magnesiated nitrile.[140] 
 
 
Table 4.1. Sulfonyl–metal Exchange Alkylations 
Bu3MgLi
R3XR2
R1
CN
S NO O R
2R
1
CN
R3
15 4
 
Entry Sufonylnitrile Electrophile  Nitrile 
1 
CN
S NO O
15b
 
BnBr 
4b, 86%
CN
Bn
 
2 
CN
S N
O O
15a  
Br
 
CN
4c, 82%[a]  
3 
CN
S N
O O
15a  
Br
( )3  
CN
4d, 73%
( )3
 
4 
CN
S N
O O
15a  
PhSSPh 
CN
SPh
4e, 76%  
5 
CN
S N
O O
15a  
O
CNMeO  
CN
CO2Me
4f, 86%  
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6 
CN
S N
O O
15a  
NCl  
CN
4g, 85%
N
 
7 
CN
S N
O O
15c
t-Bu
 
Cl
 
CN
4h, 76%[b]
t-Bu
 
8 
CN
S
O O
15d
N
 
O
CNMeO
 
CN
4i, 85%
CO2Me
 
9 
CN
S
O O
15d
N
 
BnBr 
 4j, 78%
CN
Bn
 
10 
CN
S
O O
15d
N
 
Br
 
 4k, 76%
CN
 
11 
15e
CN
SO
NO
 
BnBr 
4l, 85%
CN
Bn
 
12 
15f
CN
SO
NO
( )3
 
MeI 
4m, 85%
CN
Me
( )3
 
13 
15g
Ph
CN
SO
NO
 
Br
 
4n, 70%
Ph
CN
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14 
15h
CN
( )3
SO
NO
Cl
 
BnBr 
4o, 68%[c]
CN
( )3
BnCl
 
15 
 
 
 
 
15i
CN
( )3
Cl
SO
NO
 
 
4p, 82%
CN
( )3
 
[a] Performing the exchange with BuLi afforded 4c in 82% 
yield.  [b] Obtained as an 11.3:1 ratio of axial to equatorial 
nitrile diastereomers. [c] BuLi was used because MgBu3Li 
leads to butyl displacement of the allyllic chloride. 
 
 
The sulfonyl-metal exchange of 15h and 15i are an intriguing pair (Table 4.1, entries 14 and 
15). Exposure of 15h to BuLi afforded a lithiated nitrile that alkylated benzyl bromide rather than 
engaging in a 4-exo-tet cyclization, presumably because of the unfavourable trajectory involved 
in forming a methylene cyclobutane (Entry 13).[141] In contrast, a sulfone-magnesium exchange 
with 15i triggered a facile 5-exo-tet cyclization to afford the cycopentylnitrile 4p (entry 14). 
The sulfonyl-magnesium exchange was paired with a conjugate addition to install contiguous 
tertiary-quaternary centers (Scheme 4). Condensing pyridylsulfonylacetonitrile (14) with 
benzaldehyde afforded alkenesulfonylnitrile 18. Unlike most alkenenitriles,[142] 18 engaged in a 
facile conjugate addition upon addition of PhLi (Scheme 4). The efficacy of the conjugate addition 
likely stems from chelation with the sulfone[143] and pyridine,[133] allowing conjugate addition 
through the six-membered complex 19. The resultant lithiated nitrile was efficiently trapped with 
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methyl iodide to afford the sulfonyl nitrile 15j, a β, β-disubstituted nitrile. Standard sulfonyl-
magnesium exchange of 15j followed by methylation afforded the quarternary nitrile 4p (82% 
yield).  
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Scheme 4. Conjugate Addition-Exchange Alkylation 
 
 
Metalated nitriles are powerful nucleophiles capable of challenging alkylations that fail with 
enolates. 144 The exceptional nucleophilicity suggested that the sulfone metal exchange might 
allow the displacement of allylic ethers thereby extending the range of available electrophiles for 
carbon-carbon bond formation.[145] Exploratory experiments with the magnesiated or lithiated 
nitriles derived from 15a and allyl methyl ether (20a, 10 equiv) afforded the allyl nitrile 4c in low 
yield (Figure 4.1). Pairing BuLi for the exchange with the glycol ether 20b afforded the allylated 
nitrile 4c in 53% yield. [146] Although speculative, the successful allylation may involve activation 
of the olefin through a lithium complex 21,[147] which is consistent with the lack of allylation with 
the glycol 20c. Allylation of the seven-membered nitrile 15d with 20b triggered allylation in 51% 
yield. 
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Figure 4.1. Lithiated nitrile alkylations of allylic ethers 
 
 
4.3 Conclusion 
2-Pyridylsulfonylacetonitriles engage Bu3MgLi or BuLi in the first sulfone-metal exchange to 
provide an excellent route to metalated nitriles. The sulfone-metal exchange offers complementary 
advantages to existing methods: substituted sulfones are readily prepared from commercially 
available 2-pyridinesulfonylacetonitrile, alkylations of 2-pyridinesulfonylacetonitrile only require 
K2CO3 or DBU thereby avoiding the use of two equivalents of strong base, and sulfonylnitriles are 
typically stable, crystalline solids. The sulfonyl-metal exchange is remarkably facile across a range 
of cyclic and acylic substrates affording quaternary nitriles with a range of electrophiles including 
allylic ethers. 
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Chapter 5: Chiral Sulfinyl-Metal Exchange Alkylation 
 
5.1 Introduction  
Asymmetric alkylations of alkanenitriles are at the same time inherently attractive and inherently 
challenging. The dichotomy arises because metalated nitriles are potent nucleophiles capable of 
installing hindered, stereocenters but are prone to facile epimerization.148 The value of chiral 
nitriles has stimulated several approaches to synthesize chiral, substituted nitriles through 
alkylation of metalated nitriles, typically by positioning an adjacent, powerful chelating group to 
anchor the metal cation. 149  Carbonate 150 , carbamate149b,150,151 and methoxy methyl (MOM) 
groups151 have served as the chelating groups with varying degrees of success. 
 
5.2 Background 
Chiral nitrile alkylations have usually employed an α-oxygenated chelating group because until 
recently most deprotonation strategies employed oxophillic lithium cations. 151  However, 
magnesiated nitriles are emerging as the best candidates for maximizing configurational stability. 
A comparative study employing LDA (lithium diisopropylamide) for the deprotonation of 1 led to 
the loss of stereochemistry with carbonate and MOM substituents. In comparison, inverse addition 
of the carbamate-nitrile to excess i-PrMgCl or TMPMgCl at -107 oC afforded up to 91:9 er in 75% 
yield (Scheme 1).  
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Scheme 1. Chiral nitrile alkylation with α-oxygenated chelating group  
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Excellent stereochemical integrity has been retained in alkylations of the chiral, BOC-protected α-
cyanopiperidine 3. 152 Deprotonating 3 with TMPMgCl at -104 oC in the presence of reactive 
electrophiles, such as acid chlorides, provided alkylated nitriles with enantiomeric ratios of 98:2. 
A key element in the successful alkylation is likely the chelation of the intermediate magnesium 
nitrile with the adjacent BOC group. 
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Scheme 2. N- Boc protected α-cyanopiperidine chirl alkylation 
 
 
Current strategies install chelating groups immediately adjacent to the nitrile functionality. While 
close proximity may be structurally advantageous, an inherent disadvantage lies in promoting 
scission of the carbon metal bond followed by migration down the pipe system of the nitrile leading 
to loss of stereochemical integrity through the so-called conducted tour equilibration, 153  the 
magnesiated nitrile can rapidly epimerize due to the low 11 kcal mol-1 inversion barrier. 
Incorporating a remote chelating group in which the metal ion is tethered in a cyclic chelate with 
two binding points would prevent conducted tour equilibration (Scheme 3). 
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5.3 Tentative Chiral Metalated Nitrile Alkylation via Sulfinyl-Metal Exchange. 
A sulfinylnitrile was selected as the optimal prototype because sulfinyl-metal exchange is 
extremely fast.154 whereas the glycol chelating group was identified because of displacement in 
which the glycol proved critical in activating an allylic ether. Employing a chiral sulfinyl nitrile 
has the strategic advantage of introducing chirality through the optically active methyl p-tolyl 
sulfonate.155  
The requisite nitrile was prepared by the in-situ alkylation of hydrocinnamonitrile with 1-bromo-
3, 6-dioxaheptane.156 Deprotonating the resulting glycol nitrile 8 and adding of a THF solution of 
the chiral sulfinate cleanly afforded the sulfinylnitrile 9, though the material proved to be very 
sensitive to storage and purification. For example, acquisition of NMR spectra in CDCl3, which is 
often somewhat acidic, led to significant decomposition over the time required to obtain a 13C 
NMR spectrum. However, despite the instability the two diastereomers were separable by silica 
column chromatography. One of the diastereomers was selected for the chiral-nitrile alkylation 
prototype study. In-situ quench method was chosen with i-PrMgCl and methyl cyanoformate as 
electrophiles. But the sulfinyl-magnesium exchange alkylation sequence generates 10 only in low 
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yield, probably due to the instability of the sulfinyl nitrile with glycol moiety. The sequential 
deprotonation of 8 with LDA, trapped with methyl cyanoformate provides 10 as a racemix mixture 
in 64% yield for selecting proper chiral column (Scheme 4).  
 
 
CN
LDA, -78oC
THF
CN
O
O72%
S
O
O
S
O
CN
O
O
10%
O
O Br
*
7
8 9
i-PrMgCl;
MeOCOCN
CN
O
O
MeO O
CN
O
O
MeO O
10, <10%10,64%
racemix
enantio ratio not 
determined  
Scheme 4. Synthesis of Diastereomers of Sulfinyl Nitrile. 
 
 
In an exploratory reaction, the sulfinyl exchange was performed with one of diastereomers of 9 by 
addition of i-PrMgCl to a solution containing the nitrile and methyl cyanoformate. Although the 
reaction proceeded in low yield, the ester nitrile 10 was successfully isolated and characterized 
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though the degree of enantioselectivity remains to be determined. In support of developing an 
HPLC method to determine the enantiomeric ratio a racemic sample of the ester nitrile has been 
prepared and a chiral HPLC column identified to resolve the two enantiomers. What remains is for 
the stability issues to be resolved and for the enantioselectivity to be determined. 
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Chapter 6. EXPERIMENTAL 
 
General experimental conditions: 
General experimental conditions: Tetrahydrofuran (THF) was freshly distilled from 
Na/benzophenone ketyl prior to use. Dichloromethane (CH2Cl2) and acetonitrile (CH3CN) was 
dried by passing through an alumina and molecular sieve drying train, marketed by Innovative 
Technology Inc. (Model: PS-MD-7). Triethyl amine, diisopropyl amine and diethyl amine were 
freshly distilled from calcium hydride prior to use. Other reagents were purchased from Sigma-
Aldrich, Fisher Scientific and VWR International as analytical or ACS grade, and used without 
further purification unless otherwise stated. Thin layer chromatography (TLC) was performed with 
UV active (w/ F-254) glass backed silica gel plates (Dynamic Adsorbents Inc.). TLC plates were 
visualized by exposure to short wavelength UV light (254 nm). Flash chromatography was 
performed using SiliaFlash® silica gel P60 (30-400 mesh) purchased from Silicycle. Radial 
chromatography was performed on a Harrison Research ChromatotronTM using glass rotors 
covered with SiO2 and pared to 1, 2, and 4 mm thickness. LDA THF solution was prepared by 
premixing BuLi (1.6 M in hexane) and diisopropylamine in anhydrousTHF at -78oC.  1 H NMR 
and 13C NMR high resolution nuclear magnetic resonance spectra were obtained in deuterated 
solvent solutions on Bruker 400, Varian 300 or Varian and Bruker 500 spectrometers.1 H NMR 
data are reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = 
quartet, dd = doublet of doublet, m = multiplet, br = broad resonance, etc.), integration, and 
coupling constant (Hz). 1 H and 13C NMR data are reported in parts per million (ppm) on the δ 
scale and referenced to tetramethylsilane or the proton residual of CHCl3 for 1 H NMR and the 
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carbon signal of CDCl3 for 13C NMR. High resolution mass spectra (HRMS) were recorded on a 
Thermo-Finnegan LTQ-FTMS in APCI mode. Infrared spectra were recorded on a Perkin Elmer 
Frontier FT-IR spectrometer with a universal ATR sampling accessory. 
 
6.1 Chemoselective Alkylations with N- and C‑Metalated Nitriles 
General Procedure for Preparing N-Lithiated Nitriles: (A) LDA Deprotonation Method: A 
THF solution of the nitrile (1 equiv.) was added to a -78 °C, THF solution of LDA (1.05 equiv.). 
After 45 min, the reaction was allowed to warm to room temperature for 15 min. The resulting N-
lithiated nitrile solution was then cooled to -78 oC and used in the subsequent alkylation.  
General Procedure for Preparing C-Magnesiated Nitriles: (A) Transmetalation with MgBr2: 
A freshly prepared THF solution of anhydrous MgBr2 (1.05 equiv) was added to a THF solution 
of the lithiated nitrile. After 15 min, the solution of C-magnesiated nitrile was used in the alkylation. 
(B) Transmetalation with RMgX: A THF solution of i-PrMgCl (1.05 equiv) was added to a THF, 
-78 oC solution of the lithiated nitrile. After 15 min, the C-magnesiated nitrile solution was used 
in the subsequent alkylation.  
General Chemoselective-Alkylation Procedure: A THF solution containing two electrophiles 
(1.0 equiv each) was added to a -78 oC THF solution of the metalated nitrile. In the case of bis-
electrophiles, the neat electrophile (1.0 equiv) was added to the metalated nitrile, and then the 
reaction was allowed to warm to room temperature. After 2 h, saturated, aqueous NH4Cl was added, 
the crude reaction mixture was then extracted with EtOAc, dried (MgSO4), concentrated, and was 
then purified by radial chromatography to afford products.  
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1-Benzylcyclohexanecarbonitrile (6a): (A) LDA Deprotonation Method: A THF 
solution of lithiated cyclohexanecarbonitrile (0.20 mmol, 1 equiv.) was allowed to 
react with a THF solution (2 mL) containing methyl cyanoformate (19 mg, 0.22 mmol) and benzyl 
bromide (38 mg, 0.22 mmol). The reaction mixture was allowed to warm slowly to room 
temperature. After 2 h saturated, aqueous NH4Cl was added, the crude reaction mixture was 
extracted with EtOAc, dried (MgSO4), concentrated, and then purified by radial chromatography 
(1:10 EtOAc/hexanes) to afford 43 mg (98%) of analytically pure nitrile 6a as an oil exhibiting 
spectra data identical to that previously reported.157 (B) Sulfinyl-Lithium Exchange: A hexanes 
solution of BuLi (0.21 mmol, 1.05 equiv) was added to a stirred, -78 °C, THF solution of the 
sulfinylnitrile (0.20 mmol, 1 equiv). After 5 min, a THF solution (2 mL) of methyl cyanoformate 
(19 mg, 0.22 mmol) and benzyl bromide (38 mg, 0.22 mmol) was added to the reaction mixture 
and the reaction mixture was then allowed to warm slowly to room temperature. After 2 h saturated, 
aqueous NH4Cl was added, the crude reaction mixture was then extracted with EtOAc, dried 
(MgSO4), concentrated, and purified by radial chromatography (1:10 EtOAc/hexanes), to afford 
39 mg (92%) of analytically pure 6a isolated as an oil exhibiting spectra data identical to that 
previously reported.157 (C) Sulfinyl-Lithium Exchange: A hexanes solution of BuLi (0.55 mmol, 
1.1 equiv) was added to a -78 °C, THF solution of the sulfinylnitrile (0.50 mmol, 1 equiv). A THF 
solution (5 mL) of diphenyl disulfide (120 mg, 0.55 mmol) and benzyl bromide (94 mg, 0.55 mmol) 
was added to the reaction mixture and then the reaction mixture was allowed to warm slowly to 
room temperature. After 2 h saturated, aqueous NH4Cl was added, the crude reaction mixture was 
then extracted with EtOAc, dried (MgSO4), concentrated, and purified by radial chromatography 
(1:10 EtOAc/hexanes), to afford 54 mg (54%) of analytically pure 6a158 and 20 mg (18%) of 8c158 
both exhibiting spectra data identical to that previously reported. 
6a
CN
Ph
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Methyl 1-cyanocyclohexanecarboxylate (8a): (A) Prepared by Transmetalation 
with MgBr2: A THF solution of bromo magnesiated cyclohexanecarbonitrile (0.20 
mmol, 1 equiv.) was prepared by the MgBr2 transmetallation method. A THF solution (2 mL) of 
methyl cyanoformate (19 mg, 0.22 mmol) and benzyl bromide (38 mg, 0.22 mmol) was added and 
then the reaction mixture was allowed to warm slowly to room temperature. After 2 h saturated, 
aqueous NH4Cl was added, the crude reaction mixture was then extracted with EtOAc, dried 
(MgSO4), concentrated, and purified by radial chromatography (1:10 EtOAc/hexanes) to afford 40 
mg (96%) of analytically pure 8a as an oil exhibiting spectra data identical to that previously 
reported.158 (B) Prepared by Transmetalation with RMgX: A THF solution of chloromagnesium 
cyclohexanecarbonitrile (0.20 mmol, 1 equiv.) was prepared from i-PrMgCl (1.05 equiv) following 
the general method. A THF solution (2 mL) of methyl cyanoformate (19 mg, 0.22 mmol) and 
benzyl bromide (38 mg, 0.22 mmol) was then added and the reaction mixture was allowed to warm 
slowly to room temperature. After 2 h saturated, aqueous NH4Cl was added, the crude reaction 
mixture was then extracted with EtOAc, dried (MgSO4), concentrated, and purified by radial 
chromatography (1:10 EtOAc/hexanes) to afford 39 mg (94%) of analytically pure 8a as an oil 
exhibiting spectra data identical to that previously reported.158 (C) Sulfinyl-Magnesium Exchange: 
A THF solution of i-PrMgCl (0.21 mmol, 1.05 equiv) was added to a -78 °C, THF solution of the 
sulfinylnitrile (0.20 mmol, 1 equiv). After 5 min, a THF solution (2 mL) of methyl cyanoformate 
(19 mg, 0.22 mmol) and benzyl bromide (38 mg, 0.22 mmol) was added and the reaction mixture 
was then allowed to warm slowly to room temperature. After 2 h saturated, aqueous NH4Cl was 
added, the crude reaction mixture was then extracted with EtOAc, dried (MgSO4), concentrated, 
and purified by radial chromatography (1:10 EtOAc/hexanes) to afford 40 mg (96%) of 
8a
CN
O
OMe
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analytically pure 8a isolated as an oil exhibiting spectra data identical to that previously 
reported.158  
1- benzoylcyclohexanecarbonitrile (8b): Prepared by sulfinyl-magnesium exchange 
and alkylation with BzCl: a THF solution of i-PrMgCl (1.05 equiv.) was added to a -
78 oC, THF solution (10 mL) of the sulfinylnitrile (0.50 mmol, 1equiv.). After 5 min, a THF 
solution (5 mL) of benzoyl chloride (78 mg, 0.55 mmol) and benzyl bromide (94 mg, 0.55 
mmol) was added, and then the reaction mixture was allowed to warm slowly to rt. After 2 h, 
saturated aqueous NH4Cl was added, the crude reaction mixture was extracted with EtOAc, 
dried (Na2SO4), concentrated, and was then purified by radial chromatography (1:10 
EtOAc/hexanes), to afford 77 mg (72%) of 8b as an oil exhibiting spectra data identical to 
that previously reported.159 (B) Prepared by sulfinyl-magnesium exchange and alkylation 
with PhCO2Et: a THF solution of i-PrMgCl (1.05 equiv.) was added to a -78 oC, THF solution 
(10mL) of the sulfinylnitrile (0.50 mmol, 1equiv.). After 5 min, a THF solution (5 mL) of 
ethyl benzoate (83 mg, 0.55 mmol) and 1-iodohexane (117 mg, 0.55 mmol) was added, and 
the reaction mixture was allowed to warm slowly to rt. After 12 h, aqueous NH4Cl was added, 
the crude reaction mixture was extracted with EtOAc, dried (Na2SO4), concentrated, and then 
purified by radial chromatography (1:10 EtOAc/hexanes), to afford 79 mg (74%) of 8b as an 
oil exhibiting spectra data identical to that previously reported.159  
1-(phenylthio)cyclohexanecarbonitrile (8c): Prepared by Sulfinyl-Magnesium 
Exchange: A THF solution of diphenyl disulfide (120 mg, 0.55 mmol) and benzyl 
bromide (94 mg, 0.55 mmol) was added to a THF solution of chloromagnesiated 
cyclohexanecarbonitrile (0.5 mmol, 1 equiv.) prepared at -78 oC with i-PrMgCl (1.05 equiv.). The 
8c
CN
S Ph
8b
CN
O
Ph
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reaction mixture was allowed to warm slowly to room temperature. After 2 h, saturated aqueous 
NH4Cl was added, the crude reaction mixture was extracted with EtOAc, dried (Na2SO4), 
concentrated, and then purified by radial chromatography (1:10 EtOAc/hexanes), to afford 87 mg 
(80%) of 8c158 and 8 mg (4%) of 8a157 as an oil both exhibiting spectra data identical to that 
previously reported.  
 
1-(2-Phenyloxiran-2-yl)cyclohexanecarbonitrile (8d): Prepared by Sulfinyl-
Magnesium Exchange: A THF solution of i-PrMgCl (1.05 equiv.) was added to a -78 
oC, THF solution (10 mL) of the sulfinylnitrile (0.50 mmol, 1equiv.). After 5min, a THF solution 
(5 mL) of allyl bromide (67 mg, 0.55 mmol) and 2-bromoacetophenone (109 mg, 0.55 mmol) was 
added to the resulting solution and then the reaction mixture was allowed to warm slowly to rt. 
After 2 h, saturated aqueous NH4Cl was added, the crude reaction mixture was extracted with 
EtOAc, dried (Na2SO4), concentrated, and was then purified by radial chromatography (1:10 
EtOAc/hexanes), to afford 92 mg (81%) of 8d as an oil exhibiting spectra data identical to that 
previously reported.158  
 
 1-Allylcyclohexanecarbonitrile (6b): A hexanes solution of BuLi (1.05 equiv.) was 
added to a -78 oC, THF solution (10 mL) of the sulfinylnitrile (0.50 mmol, 1equiv.). 
After 5 min, a THF solution (5 mL) of allyl bromide (67 mg, 0.55 mmol) and 2-
bromoacetophenone (109 mg, 0.55 mmol) was added, and then the reaction mixture was allowed 
to warm slowly to room temperature. After 2 h, aqueous NH4Cl was added, the crude reaction 
mixture was then extracted with EtOAc, dried (Na2SO4), concentrated, and purified by radial 
8d
CN
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chromatography (1:10 EtOAc/hexanes), to afford 50 mg (67%) of 6b157 and 12mg (11%) of 8d158 
as an oil both exhibiting spectra data identical to that previously reported. 
 1-Hexylcyclohexanecarbonitrile (6c): A hexanes solution of BuLi (1.05 equiv.) was 
added to a -78 oC, THF solution (10 mL) of the sulfinylnitrile (0.50 mmol, 1equiv.). 
After 5 min, a THF solution (5 mL) of ethyl benzoate (83 mg, 0.55 mmol) and 1-iodohexane (117 
mg, 0.55 mmol) was added to the resulting solution and the reaction mixture was allowed to warm 
slowly to rt. After 12 h, aqueous NH4Cl was added, the crude reaction mixture was extracted with 
EtOAc, dried (Na2SO4), concentrated, and was then purified by radial chromatography (1:10 
EtOAc/hexanes), to afford 53 mg (55%) of 6c as an oil: IR (film) 2931, 2859, 2230 cm-1; 1H NMR 
(500 MHz, Chloroform-d) δ 1.92 (d, J = 13.0 Hz, 2H), 1.69-1.66 (m, 3H), 1.63 – 1.51 (m, 2H), 
1.45-1.44 (m, 4H), 1.28-1.24 (m, 6H), 1.18-1.15 (m, 3H), 0.86 – 0.83 (m, 3H). 13C NMR (126 
MHz, CDCl3) δ 123.82, 40.61, 39.02, 35.73, 31.61, 29.38, 25.49, 24.34, 23.10, 22.56, 14.03. 
HRMS (ESI) calcd for (M+Na+), C13H23N+Na+ 216.1723, found 216.1723. 
2-benzylbicyclo[2.2.1]hept-5-ene-2-carbonitrile (6d): A hexanes solution of BuLi 
(0.53 mmol, 1.05 equiv) was added to a -78 °C, THF solution (10 mL) of the 
sulfinylnitrile (0.50 mmol, 1 equiv). After 5 min, a THF solution (5 mL) of methyl cyanoformate 
(47 mg, 0.55 mmol) and benzyl bromide (94 mg, 0.55 mmol) was added to the reaction mixture 
and then the reaction mixture was allowed to warm slowly to rt. After 2 h, saturated, aqueous 
NH4Cl was added, the crude reaction mixture was extracted with EtOAc, dried (Na2SO4), 
concentrated, and was then purified by radial chromatography (1:10 EtOAc/hexanes), to afford 
73 mg (70%) of analytically pure 6d isolated as an oil exhibiting spectra data identical to that 
previously reported.158  
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Methyl (1R,2R,4R)-2-cyanobicyclo[2.2.1]hept-5-ene-2-carboxylate (8e): A THF 
solution of i-PrMgCl (1.05 equiv.) was added to a -78 oC, THF solution (10 mL) of the 
sulfinylnitrile (0.50 mmol, 1 equiv.). After 5 min, a THF solution (5 mL) of methyl cyanoformate 
(47 mg, 0.55 mmol) and benzyl bromide (94 mg, 0.55 mmol) was added to the reaction mixture 
and then the reaction mixture was allowed to warm slowly to rt. After 2 h, saturated aqueous NH4Cl 
was added, the crude reaction mixture was extracted with EtOAc, dried (Na2SO4), concentrated, 
and then purified by radial chromatography (1:10 EtOAc/hexanes), to afford 71 mg (82%) of 
analytically pure 8e isolated as an oil: IR (film) 2987, 2957, 2238, 1741 cm-1; Endo isomer: 1H 
NMR (400 MHz, Chloroform-d) δ 6.45 – 6.43 (m, 1H), 6.33 – 6.31 (m, 1H), 3.84 (s, 3H), 3.39 – 
3.37 (m, 1H), 3.10 – 3.08 (m, 1H), 2.55 (dd, J = 12.3, 3.4 Hz, 1H), 1.81 – 1.49 (m, 3H); 13C NMR 
(101 MHz, CDCl3) δ 169.84, 141.08, 134.17, 121.01, 53.85, 52.45, 47.04, 46.83, 42.75, 39.26. 
Exo isomer: 1H NMR (400 MHz, Chloroform-d) 6.20 – 6.18 (m, 1H), 5.87 – 5.85 (m, 1H), 3.76 
(s, 3H), 3.57 – 3.55 (m, 1H), 3.23 (s, 1H), 3.03 (d, J = 6.3 Hz, 1H), 2.25 (dd, J = 12.5, 3.7 Hz, 1H), 
2.05 (dd, J = 12.5, 2.9 Hz, 1H), 1.81 – 1.49 (m, 1H); 13C NMR (101 MHz, CDCl3) 169.84, 140.33, 
131.09, 121.01, 53.70, 53.55, 49.23, 42.98, 37.36. HRMS (ESI) calcd for (M+Na+), 
C10H11NO2+Na+ 200.0682, found 200.0674. 
Benzylcyclopentane-1-carbonitrile (6e): Prepared by the LDA deprotonation 
method: A THF solution (5 mL) of methyl cyanoformate (94 mg, 1.1 mmol) and benzyl 
bromide (188 mg, 1.1 mmol) was added to a -78 oC THF solution of lithiated 
cyclopentanecarbonitrile (1.0 mmol) prepared by the LDA deporonation method. After the 
addition, the reaction mixture was allowed to warm slowly to rt. After 2 h, saturated aqueous 
NH4Cl was added, the crude reaction mixture was extracted with EtOAc, dried (Na2SO4), 
concentrated, and was then purified by radial chromatography (1:10 EtOAc/hexanes) to afford 
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111 mg (60%) of 6e, which exhibited spectral data identical to that previously reported,158 and 
18 mg (12%) of 8f as oil. For 8f: IR (film) 2959, 2879, 2242, 1742 cm-1; 1H NMR (400 MHz, 
Chloroform-d) δ 3.82 (s, 3H), 2.29 – 2.25 (m, 4H), 1.89 – 1.86 (m, 4H). 13C NMR (101 MHz, 
CDCl3) δ 170.36, 121.11, 53.71, 47.54, 37.94, 25.27. HRMS (ESI) calcd for (M+Na+), 
C18H11NO2+Na+ 176.0682, found 176.0677.  
 
Methyl 1-cyanocyclohexanecarboxylate (8f): A THF solution of chloromagnesium 
cyclopentanecarbonitrile (1 mmol) was prepared by the transmetallation method with a 
THF solution of i-PrMgCl (1.05 equiv). After 15 min, a THF solution (5 mL) of methyl 
cyanoformate (94 mg, 1.1 mmol) and benzyl bromide (188 mg, 1.1 mmol) was added and the 
reaction mixture was allowed to warm slowly to rt. After 2 h saturated, aqueous NH4Cl was 
added, the crude reaction mixture was extracted with EtOAc, dried (Na2SO4), concentrated, 
and was then purified by radial chromatography (1:10 EtOAc/hexanes) to afford 88 mg (57%) 
of analytically pure 8f and 8 mg (5%) of 6e158 as oils both exhibiting spectra data identical to 
that previously reported.  
 
 1-Benzylcycloheptane-1-carbonitrile (6f): A THF solution (5 mL) containing 
methyl cyanoformate (94 mg, 1.1 mmol) and benzyl bromide (188 mg, 1.1 mmol) 
was added to a THF solution of lithiated cycloheptanecarbonitrile (1.0 mmol) prepared by the 
LDA deprotonation method. The reaction mixture was allowed to warm slowly to rt. After 2 
h saturated, aqueous NH4Cl was added, the crude reaction mixture was extracted with EtOAc, 
dried (Na2SO4), concentrated, and was then purified by radial chromatography (1:10 
EtOAc/hexanes) to afford 87 mg (41%) of 6f and 62 mg (34%) of 8g as oils. For 6f: IR: 2927, 
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2858, 2230 cm-1; 1H NMR (400 MHz, Chloroform-d) δ 7.35 – 7.25 (m, 5H), 2.82 (s, 2H), 1.95 
(ddd, J = 14.3, 5.4, 2.9 Hz, 2H), 1.70 – 1.51 (m, 10H). 13C NMR (101 MHz, CDCl3) δ 135.90, 
130.53, 128.38, 127.29, 124.45, 46.64, 42.73, 37.99, 27.94, 23.30. HRMS (ESI) calcd for 
(M+K+), C15H19N+K+ 252.1149, found 252.1151. For 8g: IR (film) 2932, 2862, 2240, 1741 
cm-1; 1H NMR (400 MHz, Chloroform-d) δ 3.78 (s, 3H), 2.17 – 2.09 (m, 2H), 2.03 (ddd, J = 
14.5, 9.7, 3.0 Hz, 2H), 1.75 – 1.64 (m, 6H), 1.57 – 1.54 (m, 2H). 13C NMR (101 MHz, CDCl3) 
δ 170.60, 120.38, 53.51, 47.94, 36.05, 27.95, 23.57. HRMS (ESI) calcd for (M+K+), 
C10H15NO2+K+ 220.0734, found 220.0732. 
 
Methyl 1-cyanocyclohexanecarboxylate (8g): Prepared by Transmetalation with 
i-PrMgCl: A THF solution of chloromagnesium cycloheptanecarbonitrile (1.0 
mmol) was prepared from a THF solution of i-PrMgCl (1.05 equiv) following the 
transmetallation method. After 15 min, a THF solution (5 mL) of methyl cyanoformate (94 
mg, 1.1 mmol) and benzyl bromide (188 mg, 1.1 mmol) was added and the reaction mixture 
was allowed to warm slowly to rt. After 2 h saturated, aqueous NH4Cl was added, the crude 
reaction mixture was extracted with EtOAc, dried (Na2SO4), concentrated, and was then 
purified by radial chromatography (1:10 EtOAc/hexanes) to afford 162 mg (76%) of 
analytically pure 8g and 4 mg (2%) of 6f as oils that both exhibited spectra identical to that of 
material previously isolated.  
 
2-Benzyl-2-methyl-3-phenylbutanenitrile (6g): A THF solution (5 mL) containing 
methyl cyanoformate (47 mg, 0.55 mmol) and benzyl bromide (94 mg, 0.55 mmol) 
was added to a THF solution of lithiated 2-methyl-3-phenylbutanenitrile160 (0.5 mmol, 1 
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equiv.), prepared by the LDA (0.55 mmol) deprotonation method. The reaction was then 
allowed to warm slowly to rt. After 2 h saturated, aqueous NH4Cl was added, the crude 
reaction mixture was separated, the aqueous phase was extracted with EtOAc, and the 
combined organic phase was dried (Na2SO4), concentrated, and then purified by radial 
chromatography (1:10 EtOAc/hexanes) to afford 44 mg (35 %) of 6g as a white crystalline 
solid (mp 71- 72 oC) and 38 mg (35 %) of 8h160 as an oil exhibiting spectra data identical to 
that previously reported. For 6g: IR (film): 3030, 2979, 2231 cm-1. 1H NMR (500 MHz, 
Chloroform-d) δ 7.37 – 7.24 (m, 10H), 3.18 (d, J = 13.4 Hz, 1H), 2.84 (q, J = 7.1 Hz, 1H), 
2.59 (d, J = 13.4 Hz, 1H), 1.61 (d, J = 7.1 Hz, 3H), 0.99 (s, 3H). 13C NMR (126 MHz, CDCl3) 
δ 141.40, 135.61, 130.54, 128.72, 128.47, 128.41, 127.44, 127.35, 123.37, 47.43, 44.13, 42.67, 
21.66, 17.56. HRMS (ESI) calcd for (M+Na+), C18H19N+Na+ 272.1410, found 272.1410. 
 
Methyl 2-cyano-2-methyl-3-phenylbutanoate (8h): A THF solution (5 mL) 
containing methyl cyanoformate (47 mg, 0.55 mmol) and benzyl bromide (94 mg, 
0.55 mmol) was added to a THF solution of chloromagnesium 2-methyl-3-
phenylbutanenitrile160 (0.50 mmol) prepared from LDA (0.55 mmol) and i-PrMgCl (0.55 
mmol) by the transmetallation method. The reaction mixture was allowed to warm slowly to 
rt. After 2 h, saturated, aqueous NH4Cl was added, the phases were separated, the aqueous 
phase extracted with EtOAc, and the combined extract was dried (Na2SO4), concentrated, and 
purified by radial chromatography (1:10 EtOAc/hexanes) to afford, 60 mg (55 %) of 
analytically pure 8h as an oil exhibiting spectra data identical to that previously reported.160  
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 2-Methyl-3-phenyl-2-(phenylthio)propanenitrile (1h): A THF solution (10 mL) of 
lithiated 3-phenyl-2-(phenylthio)propanenitrile158 (300mg, 1.26 mmol) was prepared 
by the LDA (1.4 mmol) method. Neat iodomethane (1.4 mmol) was added to the 
reaction mixture, that was then allowed to warm slowly to rt. After 12 h, saturated, aqueous 
NH4Cl was added. The mixture was extracted with EtOAc, the combined extracts were 
washed with brine and water, dried (Na2SO4), and then concentrated. The residue was purified 
by radial chromatography to afford 350 mg (83%) of 1h as a white crystalline solid (mp 63-
64 oC): IR (film) 3062, 3028, 2235 cm-1 ; 1H NMR (400 MHz, Chloroform-d) δ 7.74 – 7.71 
(m, 2H), 7.50 – 7.41 (m, 3H), 7.37-7.28 (m, 5H), 3.17 (d, J = 13.6 Hz, 1H), 2.96 (d, J = 13.6 
Hz, 1H), 1.47 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 137.23, 134.43, 130.53, 129.53, 129.46, 
128.67, 127.94, 121.50, 45.83, 45.10, 25.00; HRMS (ESI) calcd for (M+Na+), C16H15NS+Na+ 
276.0817, found 276.0818. 
 
2-Benzyl-2-methyl-3-phenylpropanenitrile (6h): A hexanes solution of BuLi (0.55 
mmol) was added to a -78 oC, THF solution (10 mL) of 2-methyl-3-phenyl-2-
(phenylthio)propanenitrile (0.5 mmol). After 5 min, a THF solution (5 mL) of methyl 
cyanoformate (47 mg, 0.55 mmol) and benzyl bromide (94 mg, 0.55 mmol) was added to the 
reaction mixture, and the reaction was allowed to warm slowly to rt. After 2 h, saturated, 
aqueous NH4Cl was added. The phases were separated and the aqueous phase was extracted 
with EtOAc. The combined organic phase was sequentially washed with brine and water, dried 
(Na2SO4), and was then concentrated. The residue was purified by radial chromatography to 
afford, after purification by radial chromatography (1:10 EtOAc/hexanes), 25 mg (25 %) of 
8i and 59 mg (50 %) of 6h161 both exhibiting spectral data identical to that previously reported.  
1h
S
CN
6h
CN
106 
 
 
 
 Methyl 2-cyano-2-methyl-3-phenylpropanoate (8i): A THF solution (5 mL) of 
methyl cyanoformate (47 mg, 0.55 mmol) and benzyl bromide (94 mg, 0.55 mmol) 
was added to chloromagnesium 2-methyl-3-phenylpropanenitrile (0.50 mmol) 
prepared by transmetallation with i-PrMgCl (0.55 mmol). The reaction mixture was allowed to 
warm slowly to rt. After 2 h, saturated, aqueous NH4Cl was added. The phases were separated and 
the aqueous phase was extracted with EtOAc. The combined organic phase was sequentially 
washed with brine and water, dried (Na2SO4), and was then concentrated. The residue was purified 
by radial chromatography to afford, after purification by radial chromatography (1:10 
EtOAc/hexanes), 11mg (9%) of 6g that exhibited spectral data identical to that of material 
previously isolated162 and 64 mg (63 %) of 8i as an oil. For 8i: IR (film) 3033, 2956, 2245, 1743 
cm-1; 1H NMR (400 MHz, Chloroform-d) δ 7.35 – 7.25 (m, 5H), 3.73 (s, 3H), 3.23 (d, J = 13.5 
Hz, 1H), 3.04 (d, J = 13.5 Hz, 1H), 1.62 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 169.56, 134.17, 
130.00, 128.67, 128.00, 119.67, 53.53, 45.44, 43.79, 23.24; HRMS (ESI) calcd for (M+Na+), 
C12H13NO2+Na+ 226.0839, found 226.0839. 
2-(Phenylthio)propanenitrile (i): A THF solution (5 mL) of diphenyl disulfide (5.5 
mmol) was added to a THF solution (40 mL) of lithiated propiononitrile (5.0 mmol), 
prepared by LDA deprotonation. The solution was allowed to warm slowly to rt. After 2h, saturated 
aquesous NH4Cl was added, the crude reaction mixture was extracted with EtOAc, dried (Na2SO4), 
concentrated, and was then purified by radial chromatography (1:10 EtOAc/hexanes) to afford 525 
mg (64%) of i as an oil exhibiting spectra data identical to that previously reported.163 
4-Methoxy-2-methyl-2-(phenylthio)butanenitrile (1i): Neat 2-bromoethyl methyl 
ether (2.0 mmol) was added to THF solution (10 mL) of lithiated 2-
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(phenylthio)propanenitrile (1.8 mmol) prepared by LDA deprotonation. The reaction mixture 
was allowed to warm slowly to rt. After 12 h, saturated aqueous NH4Cl was added, the crude 
reaction extracted with EtOAc, washed with brine and water, dried (Na2SO4), concentrated, 
and then the residue was purified by radial chromatography (1:10 EtOAc/hexanes) to afford 
350 mg (89%) of 1i as an oil: IR (film) 2929, 2232 cm-1 ; 1H NMR (400 MHz, Chloroform-d) 
δ 7.70 – 7.67 (m, 2H), 7.49 – 7.39 (m, 3H), 3.64 (t, J = 6.5 Hz, 2H), 3.35 (s, 3H), 2.13 – 2.01 
(m, 2H), 1.60 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 137.20, 130.52, 129.43, 121.60, 69.01, 
58.97, 43.06, 39.14, 25.97; HRMS (ESI) calcd for (M+Na+), C12H15NOS+Na+ 244.0767, 
found 244.0767. 
 
 2-Benzyl-4-methoxy-2-methylbutanenitrile (6i): A hexanes solution of BuLi (0.55 
mmol, 1.1 equiv.) was added to a -78 °C, THF solution (10 mL) of  4-methoxy-2-methyl-
2-(phenylthio)butanenitrile (111 mg, 0.5 mmol). After 5 min, a THF solution (5 mL) of 
methyl cyanoformate (47 mg, 0.55 mmol) and benzyl bromide (94 mg, 0.55 mmol) was added, 
and the reaction was allowed to warm slowly to rt. After 2 h, saturated aqueous NH4Cl was 
added, the mixture was extracted with EtOAc, washed with brine and water, dried (Na2SO4), 
and concentrated. The residue was then purified by radial chromatography (1:10 
EtOAc/hexanes) to afford, 61 mg (60%) of 6i and 14 mg (15%) of 8j as oils. For 6i: IR (film) 
3032, 2875, 2928, 2233 cm-1; 1H NMR (400 MHz, Chloroform-d) δ 7.34 – 7.26 (m, 5H), 3.62 
(t, J = 6.6 Hz, 2H), 3.36 (s, 3H), 2.95 (d, J = 13.5 Hz, 1H), 2.80 (d, J = 13.5 Hz, 1H), 1.95-
1.90 (m, 1H), 1.81-1.76 (m, 1H), 1.33 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 135.37, 130.54, 
128.51, 127.49, 123.76, 69.38, 58.95, 45.96, 38.52, 36.70, 24.48; HRMS (ESI) calcd for 
(M+Na+), C13H17NO+Na+ 226.1202, found 226.1203. For 8j: IR (film) 2934, 2241, 1746 cm-
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1; 1H NMR (400 MHz, Chloroform-d) δ 3.77 (s, 3H), 3.56 – 3.53 (m, 2H), 3.27 (s, 3H), 2.32-
2.25 (m, 1H), 1.97-1.91 (m, 1H), 1.60 (S, 3H); 13C NMR (101 MHz, CDCl3) δ 169.92, 119.68, 
68.60, 58.95, 53.46, 42.17, 38.03, 24.13. HRMS (ESI) calcd for (M+Na+), C8H13NO3+Na+ 
194.0788, found 194.0788. 
 
 Methyl 2-cyano-4-methoxy-2-methylbutanoate (8j): A THF solution (5 mL) of 
methyl cyanoformate (47 mg, 0.55 mmol) and benzyl bromide (94 mg, 0.55 mmol) 
was added to a -78 °C, THF solution (10 mL) of chloromagnesiated 4-methoxy-2-
methylbutanenitrile (0.50 mmol) prepared by transmetallation with a THF solution of i-PrMgCl 
(0.55 mmol). The reaction mixture was allowed to warm slowly to rt. After 2 h, saturated, 
aqueous NH4Cl was added. The mixture was extracted with EtOAc, and the combined extracts 
were washed with brine and water, dried (Na2SO4), and then concentrated. The residue was 
purified by radial chromatography (1:10 EtOAc/hexanes) to afford, 73 mg (85%) of 8j and 6 mg 
(6%) of 6i as oils that both exhibited spectral data identical to that of material previously 
isolated. 
 5-(1-cyanocyclohexyl)-N-methoxy-N-methylpentanamide (10a): A THF 
solution (5 mL) of 5-bromo-N-methoxy-N-methylpentanamide162 (246 mg, 1.1 
mmol) was added to a THF solution of lithiated cyclohexanecarbonitrile (1.0 mmol) prepared by 
the LDA (1.1 mmol) deprotonation method. The reaction was allowed to warm slowly to rt. After 
12 h, saturated, aqueous NH4Cl was added, the phases were separated and the aqueous phase was 
extracted with EtOAc. The combined organic extracts were dried (Na2SO4), concentrated, and then 
purified by radial chromatography (15:85 EtOAc/hexanes) to afford, 179 mg (71%) of 10 as an 
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oil: IR (film) 2934, 2859, 2230, 1660 cm-1; 1H NMR (400 MHz, Chloroform-d) δ 3.66 (s, 3H), 
3.15 (s, 3H), 2.43 (t, J = 7.3 Hz, 2H), 1.94 (d, J = 12.7 Hz, 2H), 1.72 – 1.50 (m, 11H), 1.23 – 1.13 
(m, 3H); 13C NMR (101 MHz, CDCl3) δ 174.27, 123.84, 61.31, 40.44, 39.06, 35.77, 32.23, 31.67, 
25.50, 24.69, 24.37, 23.14; HRMS (ESI) calcd for (M+Na+), C14H24N2O2+Na+ 275.1730, found 
275.1734.  
 
1-(5-bromopentanoyl)cyclohexane-1-carbonitrile (11a): A THF solution (5 mL) 
of 5-bromo-N-methoxy-N-methylpentanamide[7] (123 mg, 0.55 mmol) was added to 
a -78 oC, THF solution (10 mL) of chloromagnesiated cyclohexanecarbonitrile (0.50 mmol, 1 
equiv.) prepared by the magnesium exchange method with i-PrMgCl (0.55 mmol). The reaction 
was allowed to warm slowly to rt. After 12 h saturated, aqueous NH4Cl was added, the phases 
were separated and the aqueous phase was extracted with EtOAc. The combined organic extracts 
were dried (Na2SO4), concentrated, and then purified by radial chromatography (15:85 
EtOAc/hexanes) to afford, 110 mg (81%) of 11 as an oil: IR (film) 2937, 2861, 2232,1720 cm-1; 
1H NMR (400 MHz, Chloroform-d) δ 3.40 (t, J = 6.5 Hz, 2H), 2.82 (t, J = 6.9 Hz, 2H), 1.97 (d, J 
= 8.3 Hz, 2H), 1.89 – 1.75 (m, 8H), 1.68 – 1.61 (m, 4H); 13C NMR (101 MHz, CDCl3) δ 203.95, 
120.61, 51.33, 38.21, 33.12, 32.24, 31.87, 24.79, 22.46, 22.22; HRMS (ESI) calcd for (M+K+), 
C12H18BrNO+K+ 310.0203, found 310.0203.  
 
  5-(1-cyanocyclohexyl)-N-methoxy-N-methylpentanamide (10b): A THF 
solution (5 mL) of 5-bromo-N-methoxy-N-methylpentanamide162 (246 mg, 
1.1mmol) was added to a -78 oC, THF solution of the lithiated cyclopentanecarbonitrile (1.0 mmol) 
prepared by the LDA deprotonation method. The reaction mixture was allowed to slowly warm to 
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room temperature over 12 h, and then saturated, aqueous NH4Cl was added. The mixture was 
diluted with ethyl acetate, the phases were separated and the aqueous phase was washed 
sequentially with brine and water, and then dried (Na2SO4). The solvent was evaporated under 
vacuum and then the residue was purified by radial chromatography to afford, after purification 
by radial chromatography (15:85 EtOAc/hexanes), 179 mg (78%) of 10b as an oil: IR (film) 2941, 
2871, 2230, 1660 cm-1; 1H NMR (400 MHz, Chloroform-d) δ 3.58 (s, 3H), 3.06 (s, 3H), 2.34 (t, J 
= 7.4 Hz, 2H), 2.02-1.99 (m, 2H), 1.76 – 1.40 (m, 12H); 13C NMR (101 MHz, CDCl3) δ 173.94, 
125.18, 61.06, 42.94, 38.21, 37.95, 31.88, 31.38, 26.09, 24.35, 24.02; HRMS (ESI) calcd for 
(M+Na+), C13H22N2O2+Na+ 261.1573, found 261.1573. 
 
 1-(5-Bromopentanoyl)cyclopentane-1-carbonitrile (11b): A THF solution (5 mL) 
of 5-bromo-N-methoxy-N-methylpentanamide162 (246 mg, 1.1mmol) was added to a 
-78 oC, THF solution of the chloromagnesium cyclopentanecarbonitrile prepared with i-PrMgCl 
(1.1 mmol) by the RMgX transmetalation method. The reaction mixture was allowed to slowly 
warm to room temperature over 12 h, and then saturated, aqueous NH4Cl was added. The mixture 
was diluted with ethyl acetate, the phases were separated, and the aqueous phase was washed 
sequentially with brine and water, and then dried (Na2SO4). The solvent was evaporated under 
vacuum and then the residue was purified by radial chromatography (1:10 EtOAc/hexanes) to 
afford, 167 mg (65%) of 11b as an oil: IR (film) 2958, 2874, 2234, 1723 cm-1; 1H NMR (400 MHz, 
Chloroform-d) δ 3.39 (t, J = 6.4 Hz, 2H), 2.84 (t, J = 6.9 Hz, 2H), 2.16 – 2.12 (m, 4H), 1.91 – 1.72 
(m, 8H); 13C NMR (101 MHz, CDCl3) δ 202.97, 122.46, 53.14, 39.04, 36.67, 33.10, 31.79, 25.49, 
22.27; HRMS (ESI) calcd for (M+Na+), C11H16BrNO+Na+ 280.0307, found 280.0308.  
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Ethyl 4-(3-hydroxyprop-1-yn-1-yl)benzoate (ii): Alkynol ii was prepared 
by a modification of the literature method developed for the corresponding 
methyl ester164: A Et2NH solution (75 mL) of ethyl 4-iodobenzoate (4.14 g, 
15.0 mmol), propargyl alcohol (3.02g, 56.0 mmol), palladium chloride (53 mg, 0.30 mmol), copper 
(I) iodide (114 mg, 0.60 mmol), and triphenylphosphine (197 mg, 0.75 mmol) was stirred at room 
temperature. After 48 h, saturated, aqueous NH4Cl was added, the phases were separated and the 
aqueous phase was extracted with EtOAc. The combined organic extracts were dried (Na2SO4), 
concentrated, and then the crude reaction mixture was purified by silica gel column 
chromatography (20: 80 EtOAc/Hexanes ) to afford 2.86 g (93 %) of ii as a white crystalline solid 
(mp 61- 62 oC) : IR (film) 3452, 2987, 2941, 1700, 1607 cm-1; 1H NMR (400 MHz, Chloroform-
d) δ 7.95 (d, J = 8.4 Hz, 2H), 7.43 (d, J = 8.4 Hz, 2H), 4.53 (s, 2H), 4.37 (q, J = 7.1 Hz, 2H), 3.30 
(s, 1H), 1.38 (t, J = 7.1 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 166.25, 131.51, 129.84, 129.40, 
127.29, 90.53, 84.58, 61.32, 51.29, 14.25; HRMS (ESI) calcd for (M+Na+), C12H12O3+Na+ 
227.0679, found 227.0679.  
 
Ethyl 4-(3-hydroxypropyl)benzoate (iii): A modification of the literature 
method was employed164: A suspension of ethyl 4-(3-hydroxyprop-1-yn-1-
yl)benzoate (2.86 g, 14 mmol) and 10% palladium on carbon (150 mg) in MeOH (75 mL) was 
treated with hydrogen gas at 50 psi in a Parr shaker. After 10 h, the reaction mixture was filtered 
through Celite, and then evaporated under vacuum. The crude reaction mixture was purified by 
silica gel column chromatography (30: 70 EtOAc/Hexanes ) to afford 2.82g (97 %) of iii as an oil: 
IR (film) 3422, 2981, 2939, 1713, 1610 cm-1; 1H NMR (400 MHz, Chloroform-d) δ 7.95 (d, J = 
8.3 Hz, 2H), 7.25 (d, J = 8.3 Hz, 2H), 4.35 (q, J = 7.1 Hz, 2H), 3.64 (t, J = 6.4 Hz, 2H), 3.05 (s, 
EtO
O
OH
ii
OH
EtO
O iii
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1H), 2.79 – 2.70 (m, 2H), 1.92 – 1.85 (m, 2H), 1.37 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, 
CDCl3) δ 166.76, 147.50, 129.60, 128.37, 127.94, 61.60, 60.82, 33.78, 32.04, 14.25. HRMS (ESI) 
calcd for (M+Na+), C12H16O3+Na+ 231.0992, found 231.0992.  
 
Ethyl 4-(3-iodopropyl)benzoate (12): A modification of the literature 
method was employed 165 : A CH2Cl2 solution (50 mL) of ethyl 4-(3-
hydroxypropyl)benzoate (1.04 g, 5 mmol), iodine (1.905g, 7.5 mmol), triphenylphosphine (1.965 
g, 7.5 mmol) and imidazole (850 mg, 12.5 mmol) was stirred at room temperature. After 12 h, the 
solvent was removed under vacuum and then the crude reaction mixture was purified by silica gel 
column chromatography (3: 97 EtOAc/Hexanes ) to afford 1.12 g (70 %) of 12 as an oil: IR (film) 
2980, 2935, 1712, 1610 cm-1; 1H NMR (400 MHz, Chloroform-d) δ 7.98 (d, J = 8.2 Hz, 2H), 7.27 
(d, J = 6.7 Hz, 2H), 4.37 (q, J = 7.1 Hz, 2H), 3.16 (t, J = 6.8 Hz, 2H), 2.79 (t, J = 7.4 Hz, 2H), 2.14 
(p, J = 6.9 Hz, 2H), 1.39 (t, J = 7.1 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 166.69, 145.88, 129.95, 
128.69, 61.01, 36.35, 34.56, 14.50, 6.03; HRMS (ESI) calcd for (M+Na+), C12H15IO3+Na+ 
341.0009, found 341.0009.  
 
 Ethyl 4-(3-(1-cyanocyclohexyl)propyl)benzoate (10c): A hexanes solution of 
BuLi (1.05 equiv.) was added to a -78 oC, THF solution (10 mL) of the 
sulfinylnitrile (0.50 mmol, 1equiv.). After 5 min, a THF solution (5 mL) of 
ethyl 4-(3-iodopropyl)benzoate (175 mg, 0.55 mmol) was added to the resulting solution and the 
reaction mixture was allowed to slowly warm to room temperature over 12 h, and then saturated, 
aqueous NH4Cl was added. The mixture was diluted with ethyl acetate, the phases were separated 
and the combined organic phase was washed sequentially with brine and water, and was then dried 
I
EtO
O 12
10c
CN
O
OEt
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(Na2SO4). The solvent was evaporated and then the residue was purified by silica gel column 
chromatography (10:90 EtOAc/hexanes) to afford, 107 mg (72%) of 10c as an oil: IR (film) 2935, 
2860, 2230, 1714, 1611 cm-1; 1H NMR (400 MHz, Chloroform-d) δ 7.97 (d, J = 8.2 Hz, 2H), 7.25 
(d, J = 8.2 Hz, 2H), 4.37 (q, J = 7.1 Hz, 2H), 2.71 (t, J = 7.5 Hz, 2H), 1.95 (d, J = 12.8 Hz, 2H), 
1.87 – 1.83 (m, 2H), 1.73 – 1.50 (m, 7H), 1.39 (t, J = 7.1 Hz, 3H), 1.22 – 1.14 (m, 3H); 13C NMR 
(101 MHz, CDCl3) δ 166.65, 146.97, 129.79, 128.41, 123.65, 60.88, 39.95, 38.94, 35.78, 35.72, 
25.80, 25.45, 23.10, 14.42; HRMS (ESI) calcd for (M+Na+), C19H25NO2+Na+ 322.1778, found 
322.1776.  
 
1-(4-(3-iodopropyl)benzoyl)cyclohexanecarbonitrile (11c): A THF solution (5 
mL) of ethyl 4-(3-iodopropyl)benzoate (105 mg, 0.33 mmol) was added to a -78 
oC, THF solution of chloromagnesium cyclohexanecarbonitrile (0.3 mmol, 1 equiv.) prepared by 
the magnesium exchange method with i-PrMgCl (0.33 mmol). The reaction mixture was allowed 
to slowly warm to room temperature over 12 h, and then saturated, aqueous NH4Cl was added. 
The mixture was diluted with ethyl acetate, the phases were separated, and the combined organic 
phase was washed sequentially with brine and water, and was then dried (Na2SO4). The solvent 
was evaporated and the resulting crude nitrile was purified by silica gel column chromatography 
(1:10 EtOAc/hexanes) to afford 87 mg (76%) of 11c as an oil: IR (film) 2934, 2859, 2229, 1683, 
1606 cm-1; 1H NMR (400 MHz, Chloroform-d) δ 8.09 (d, J = 8.4 Hz, 2H), 7.32 (d, J = 8.4 Hz, 2H), 
3.17 (t, J = 6.7 Hz, 2H), 2.81 (t, J = 7.4 Hz, 2H), 2.26 (d, J = 5.9 Hz, 2H), 2.15 (p, J = 6.8 Hz, 2H), 
1.87 – 1.79 (m, 7H), 1.30 – 1.24 (m, 1H); 13C NMR (101 MHz, CDCl3) δ 193.93, 147.03, 132.33, 
129.80, 128.95, 121.11, 48.09, 36.31, 34.32, 33.82, 24.97, 22.51, 5.89; HRMS (ESI) calcd for 
(M+Na+), C17H20INO+Na+ 404.0482, found 404.0483.  
11c
CN
O
I
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10-Bromo-N-methoxy-N-methyldecanamide (15): Following a modification of the 
literature method,162 anhydrous pyridine (0.45 mL) was added dropwise to a rt, 
CH2Cl2 solution (15 mL) of 10-bromodecanoic acid (1.2 g, 5 mmol), 
tetrabromomethane (1.83 mg, 5.5 mmol), triphenylphosphine (1.4 g, 5.5 mmol) and N, O-
dimethylhydroxylamine hydrochloride (567 mg, 5.5 mmol). After 6 h, the solvent was removed 
under vacuum, and then the crude reaction mixture was purified by silica gel column 
chromatography (15: 85 EtOAc/Hexanes ) to afford 1.27 g (87%) of 15 as an oil: IR (film) 2927, 
2854, 1663 cm-1; 1H NMR (400 MHz, Chloroform-d) δ 3.56 (s, 3H), 3.27 (t, J = 6.8 Hz, 2H), 3.05 
(s, 3H), 2.28 (t, J = 7.4 Hz, 2H), 1.72 (p, J = 7.0 Hz, 2H), 1.51-1.47 (m, 2H), 1.29 (t, J = 7.4 Hz, 
2H), 1.20-1.19 (m, 8H); 13C NMR (101 MHz, CDCl3) δ 174.52, 61.03, 33.82, 32.61, 31.93, 31.63, 
29.16, 29.10, 29.07, 28.50, 27.94, 24.39; HRMS (ESI) calcd for (M+H+), C12H24BrNO2+H+ 
294.1063, found 294.1063.  
 
 1-(10-Bromodecanoyl)cyclopropane-1-carbonitrile (8k): (A): A THF solution (5 
mL) of 10-bromo-N-methoxy-N-methyldecanamide (323 mg, 1.1mmol) was added to 
a THF solution of lithiated cyclopropanecarbonitrile (1.0 mmol) prepared by the LDA (1.1 mmol) 
deprotonation method. The reaction mixture was allowed to warm slowly to rt. After 12 h, 
saturated, aqueous NH4Cl was added. The mixture was diluted with ethyl acetate, the phases were 
separated and the aqueous phase was extracted with EtOAc. The combined organic extract was 
washed sequentially with brine and water, and was then dried (Na2SO4). The solvent was 
evaporated under vacuum, and then the residue was purified by radial chromatography to afford, 
after purification by radial chromatography (1:10 EtOAc/hexanes), 182 mg (61%) of 8k as an oil. 
O
N
O
Br
9
15
O
CNBr
9
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(B) Prepared by the i-PrMgCl transmetalation method: A THF solution (5 mL) of 10-bromo-N-
methoxy-N-methyldecanamide (323mg, 1.1mmol) was added to a -78 oC, THF solution (10 mL) 
of chloromagnesium cyclopropanecarbonitrile (1.0 mmol) prepared by transmetallation with i-
PrMgCl (0.55 mmol). The reaction mixture was allowed to slowly warm to rt. After 12 h, saturated 
aqueous NH4Cl was added. The mixture was diluted with ethyl acetate, the phases were separated 
and the aqueous phase was sequentially washed with brine and water, and was then dried (Na2SO4). 
The solvent was evaporated under vacuum and then the residue was purified by radial 
chromatography (1:10 EtOAc/hexanes) to afford, 213 mg (71%) of 8k as an oil: IR (film) 2927, 
2855, 2242, 1713 cm-1; 1H NMR (400 MHz, Chloroform-d) δ 3.32 (t, J = 6.9 Hz, 2H), 2.82 (t, J = 
7.3 Hz, 2H), 1.77 (p, J = 6.9 Hz, 2H), 1.58 – 1.49 (m, 6H), 1.35-1.32 (m, 2H), 1.24 – 1.21 (m, 8H); 
13C NMR (101 MHz, CDCl3) δ 201.34, 120.29, 41.63, 33.86, 32.63, 29.03, 28.69, 28.50, 27.96, 
23.27, 20.86, 19.36; HRMS (ESI) calcd for (M+Na+), C14H22BrNO+Na+ 322.0777, found 
322.0777.  
 
Cross-Over Experiment 
A THF solution (5 mL) of lithiated cyclohexanecarbonitrile (0.5 mmol) was prepared by treating 
sulfinylnitrile (1c, 0.5 mmol) with a hexanes solution of BuLi (0.55 mmol). After 5 min, a THF 
solution (5 mL) of chloromagnesium cyclohexanecarbonitrile (0.5 mmol) prepared by treating 
sulfinylnitrile with a THF solution of i-PrMgCl (0.55 mmol) was added. After 5 min, a THF 
solution (5 mL) of methyl cyanoformate (94 mg, 1.1 mmol) and benzyl bromide (188 mg, 1.1 
mmol) was added and then the reaction mixture was allowed to warm slowly to room temperature. 
After 2 h saturated, aqueous NH4Cl was added, the phases were separated and the aqueous phase 
was extracted with EtOAc. The combined organic phase was dried (Na2SO4), concentrated, and 
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then purified by silica gel column chromatography (5:95 EtOAc/hexanes) to afford 10 mg (10 %) 
of 8a and 109 mg (65 %) of 6a that exhibited spectral data identical to that of material previously 
isolated. 
 
Alkylations of Lithiated Cyclohexanecarbonitrile with Mixtures of BnBr and MeOC(O)CN. 
A. 2:1 Ratio of MeOC(O)CN: BnBr. A THF solution (5 mL) containing methyl cyanoformate (94 
mg, 1.1 mmol) and benzyl bromide (94 mg, 0.55 mmol) was added to a THF solution of lithiated 
cyclohexanecarbonitrile (0.50 mmol) prepared by the LDA deprotonation method. The reaction 
mixture was allowed to warm slowly to room temperature. After 2 h saturated, aqueous NH4Cl 
was added, the phases were separated, the aqueous phase was extracted with EtOAc, and the 
combined phase was dried (Na2SO4), concentrated, and then purified by silica gel column 
chromatography (5:95 EtOAc/hexanes) to afford 22 mg (22 %) of 8a and 52 mg (62 %) of 6a that 
exhibited spectral data identical to that of material previously isolated. B. 5:1 Ratio of 
MeOC(O)CN: BnBr. A THF solution (5 mL) containing methyl cyanoformate (234 mg, 2.75 mmol) 
and benzyl bromide (94 mg, 0.55 mmol) was added to a THF solution of lithiated 
cyclohexanecarbonitrile (0.50 mmol) prepared by the LDA deprotonation method. The reaction 
mixture was allowed to warm slowly to room temperature. After 2 h saturated, aqueous NH4Cl 
was added, the phases were separated, the aqueous phase was extracted with EtOAc, and the 
combined phase was dried (Na2SO4), concentrated, and then purified by silica gel column 
chromatography (5:95 EtOAc/hexanes) to afford 13 mg (13 %) of 8a and 54 mg (65 %) of 6a that 
exhibited spectral data identical to that of material previously isolated. C. 10:1 Ratio of 
MeOC(O)CN: BnBr. A THF solution (5 mL) containing methyl cyanoformate (468 mg, 5.5 mmol) 
and benzyl bromide (94 mg, 0.55 mmol) was added to a THF solution of lithiated 
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cyclohexanecarbonitrile (0.50 mmol) prepared by the LDA deprotonation method. The reaction 
mixture was allowed to warm slowly to room temperature. After 2 h saturated, aqueous NH4Cl 
was added, the phases were separated, the aqueous phase was extracted with EtOAc, and the 
combined phase was dried (Na2SO4), concentrated, and then purified by silica gel column 
chromatography (5:95 EtOAc/hexanes) to afford 7 mg (7 %) of 8a and 64 mg (77 %) of 6a that 
exhibited spectral data identical to that of material previously isolated. 
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6.2 Cyclic Alkenenitriles: Copper-Catalyzed Deconjugative α‑Alkylation 
 
General Procedure for Copper-catalyzed alkenenitrile alkylation: A THF solution of 
LDA [1.2 equiv, prepared from diisopropylamine (1.2 equiv) and BuLi (1.2 equiv)] was 
added to a stirred -78 °C, THF suspension of CuCN (0.1 equiv). After 5 min, neat 
alkenenitrile was added, the reaction was allowed to slowly warm to -45 oC over 1h, and 
then the reaction mixture was cooled to -78 oC. Neat electrophile (1.2 equiv) was added to 
the reaction and then the reaction was allowed to slowly warm to rt. After 2 h, saturated, 
aqueous NH4Cl was added, the crude reaction mixture was extracted with EtOAc (3×10 
mL), dried (MgSO4), concentrated, and was then purified by radial chromatography to 
afford analytically pure material.  
 1-Benzylcyclohex-2-enecarbonitrile (4a): The general copper-catalyzed 
alkenenitrile alkylation procedure was employed with 3a (50 mg, 0.47 mmol) 
and benzyl bromide (82 mg, 0.48 mmol) to afford, after purification by radial 
chromatography (1:10 EtOAc/hexanes), 96 mg (98%) of 4a as a pale yellow oil: IR (film) 
3058, 2230 cm-1; 1H NMR (500 MHz, Chloroform-d) δ 7.38 – 7.28 (m, 5H), 5.94 (dt, J = 
9.5, 3.5 Hz, 1H), 5.59 (d, J = 9.8 Hz, 1H), 2.90 (ABq, ∆ν=0.08, J =15, 2H), 2.14 – 1.98 
(m, 3H), 1.84 – 1.79 (m, 2H), 1.66 – 1.59 (m, 1H); 13C NMR (126 MHz, CDCl3) δ 135.06, 
131.44, 130.36, 128.35, 127.32, 126.13, 122.90, 45.40, 38.15, 32.79, 24.54, 19.04.; 
HRMS(ESI) calcd for (M+H+), C14H16N+ 198.2823, found 198.2821. 
 
4a
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 1-Allylcyclohex-2-enecarbonitrile (4b): The general copper-catalyzed 
alkenenitrile alkylation procedure was employed with 3a (50 mg, 0.47 mmol)  
and allyl bromide (58 mg, 0.48 mmol) to afford, after purification by radial 
chromatography (1:10 EtOAc/hexanes), 65 mg (88%) of 14b as an oil: IR (film) 3075, 
2224, 1635 cm-1; 1H NMR (400 MHz, CDCl3) δ 5.93 – 5.82 (m, 2H), 5.54 (d, J = 10.4 Hz, 
1H), 5.25 – 5.14 (m, 2H), 2.42 – 2.27 (m, 2H), 2.13 – 1.92 (m, 3H), 1.86 – 1.74 (m, 2H), 
1.53 (ddd, J = 13.4, 10.3, 4.6 Hz, 1H); 13C NMR (101 MHz, CDCl3) δ 131.81, 131.58, 
125.97, 122.96, 120.09, 43.85, 36.83, 32.62, 24.54, 19.18. HRMS (EI) calcd for (M+H+), 
C10H16N+ 148.1121, found 148.1127.  
 
 1-(1-Phenylethyl)cyclohex-2-enecarbonitrile (4c): The general copper-
catalyzed alkenenitrile alkylation procedure was employed with 3a (107 mg, 1.0 
mmol) and (1-Bromoethyl)benzene (205 mg, 1.2 mmol) to afford, after 
purification by silica gel flash chromatography (5:95 EtOAc/hexanes), 165 mg (78 %) of 
4c as an oil, inseparable mixture of diastereomers (1:1): IR (film) 3031, 2937, 2227 cm-1; 
diastereomer 1: 1H NMR (500 MHz, Chloroform-d) δ 7.34 – 7.27 (m, 5H), 5.89 (ddd, J = 
10.1, 4.8, 2.7 Hz, 1H), 5.38 (ddt, J = 10.0, 3.0, 1.6 Hz, 1H), 2.84 (q, J = 7.1 Hz, 1H), 2.18 
– 2.02 (m, 3H), 1.83 – 1.79 (m, 2H), 1.70 – 1.63 (m, 1H), 1.48 (d, J = 7.2 Hz, 3H) ; 
diastereomer 2: 1H NMR (500 MHz, Chloroform-d) δ 7.34 – 7.27 (m, 5H), 5.95 (ddd, J = 
10.1, 4.5, 2.9 Hz, 1H), 5.86 – 5.82 (m, 1H), 2.78 (q, J = 7.1 Hz, 1H), 2.01 – 1.94 (m, 3H), 
1.77 – 1.71 (m, 2H), 1.63 – 1.58 (m, 1H), 1.55 (d, J = 7.1 Hz, 3H) ; 13CNMR (101 MHz, 
CDCl3) δ 141.55, (141.20), 131.93, (131.89), 128.92, (128.53), 128.51, (128.44), 127.45, 
125.82, (125.47), 122.72, (122.63), 47.52, (47.09), 42.16, (42.09), 31.90, (31.80), 24.68, 
4c
CNPh
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(24.58), 19.47, (19.20), 17.07, (16.66). HRMS (EI) calcd for (M+H+), C15H18N+ 
212.1439, found 212.1434. 
 
 1-(Pent-4-en-1-yl)cyclohex-2-enecarbonitrile (4d): The general copper-
catalyzed alkenenitrile alkylation procedure was employed with 3a (107 mg, 
1.0 mmol) and 5-bromo-1-pentene (179 mg, 1.2 mmol) to afford, after 
purification by silica gel flash chromatography (5:95 EtOAc/hexanes), 144 mg (82 %) of 
4d as an oil: IR (film) 3030, 2942, 2865, 2229 cm-1; 1H NMR (400 MHz, Chloroform-d) δ 
5.91 – 5.87 (m, 1H), 5.79 – 5.75 (m, 1H), 5.54 (d, J = 9.9 Hz, 2H), 5.05 – 4.96 (m, 2H), 
2.12 – 2.03 (m, 5H), 1.80 – 1.77 (m, 2H), 1.65 – 1.52 (m, 4H); 13C NMR (101 MHz, CDCl3) 
δ 137.57, 130.85, 126.30, 123.00, 115.02, 38.93, 36.73, 33.35, 32.55, 24.36, 23.51, 19.06. 
HRMS (EI) calcd for (M+H+), C12 H18 N+ = 176.1439, found 176.1434. 
 
 1-Hexylcyclohex-2-enecarbonitrile (4e): The general copper-catalyzed 
alkenenitrile alkylation procedure was employed with 3a (107 mg, 1.0 mmol) 
and 1-iodohexane (233 mg, 1.1 mmol) to afford, after purification by silica gel 
flash chromatography (5:95 EtOAc/hexanes), 138 mg (72%) of 4e as an oil: IR (film) 2931, 
2860, 2230 cm-1; 1H NMR (400 MHz, Chloroform-d) δ 5.89 – 5.84 (m, 1H), 5.53 (d, J = 
10.0 Hz, 1H), 2.11 – 1.99 (m, 3H), 1.82 – 1.75 (m, 2H), 1.62 – 1.44 (m, 5H), 1.37 – 1.26 
(m, 6H), 0.91 – 0.85 (m, 3H); 13C NMR (101 MHz, CDCl3) δ 130.97, 126.70, 123.49, 
39.85, 37.10, 32.83, 31.63, 29.36, 24.62, 24.50, 22.60, 19.32, 14.09 ; HRMS (EI) calcd for 
(M+H+), C13 H22 N+ = 192.1752, found 192.1747. 
 
4d
CN
4e
CN
5
155 
 
 
1-Pivaloylcyclohex-2-enecarbonitrile (4f): The general copper-catalyzed 
alkenenitrile alkylation procedure was employed with 3a (107 mg, 1.0 mmol) 
and pivaloyl chloride (145 mg, 1.2 mmol) to afford, after purification by flash 
chromatography (1:10 EtOAc/hexanes), 175 mg (92%) of 4f as an oil; IR (film) 2938, 
2880, 2236, 1710 cm-1; 1H NMR (400 MHz, Chloroform-d) δ 6.08 – 6.04 (m, 1H), 5.63 – 
5.59 (m, 1H), 2.19 – 2.00 (m, 3H), 2.03 (ddd, J = 12.9, 11.1, 3.6 Hz, 1H), 1.92 – 1.83 (m, 
2H), 1.39 (s, 9H); 13C NMR (101 MHz, CDCl3) δ 207.32, 132.51, 122.65, 120.94, 46.50, 
46.35, 32.10, 26.93, 23.74, 18.44.; HRMS (EI) calcd for (M+H+), C12H18NO+ = 192.1388, 
found 192.1383. 
 
Methyl 1-cyanocyclohex-2-enecarboxylate (4g): The general copper-
catalyzed alkenenitrile alkylation procedure was employed with 3a (107 mg, 
1.0 mmol)  and methyl cyanoformate (102 mg, 1.2 mmol) to afford, after 
purification by flash chromatography (1:10 EtOAc/hexanes), 145 mg (88%) of 4g as an 
oil: IR (film) 2957, 2244, 1747 cm-1; 1H NMR (400 MHz, Chloroform-d) δ 6.11 –  6.07 
(m, 1H), 5.75 – 5.71 (m, 1H), 3.84 (s, 3H), 2.23 – 2.10 (m, 4H), 1.89 – 1.84 (m, 2H); 13C 
NMR (101 MHz, CDCl3) δ 168.86, 133.72, 121.18, 119.18, 53.90, 43.46, 30.93, 24.06, 
18.69 ; HRMS (EI) calcd for (M+H+), C9H12NO2+ = 166.0868, found 166.0863.  
 
1'-hydroxy-[1,1'-bi(cyclohexan)]-2-ene-1-carbonitrile (4h): The general 
copper-catalyzed alkenenitrile alkylation procedure was employed with 3a (107 
mg, 1.0 mmol) and cyclohexanone (118 mg, 1.2 mmol) to afford, after purification by flash 
chromatography (1:10 MTBE/hexanes), 150 mg (90%) of 4h as a white solid (m .p 87 - 88 
CN
O
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O
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°C); IR (film) 3464, 2934, 2235 cm-1; 1H NMR (400 MHz, Chloroform-d) δ 6.07 – 6.03 
(m, 1H), 5.78 – 5.75 (m, 1H), 2.16 – 1.94 (m, 3H), 1.89 – 1.81 (m, 3H), 1.73 – 1.56 (m, 
8H), 1.51 (d, J = 1.4 Hz, 1H), 1.48 – 1.38 (m, 1H), 1.20 – 1.08 (m, 1H); 13C NMR (101 
MHz, CDCl3) δ 133.55, 122.97, 122.54, 74.39, 48.17, 32.50, 30.99, 27.96, 25.49, 24.56, 
21.47, 19.93 ; HRMS (EI) calcd for (M+H+), C13H20NO+ = 206.1545, found 206.1539.  
 
1-(4-chlorobutanoyl)cyclohex-2-enecarbonitrile (4i): The general copper-
catalyzed alkenenitrile alkylation procedure was employed with 3a (107 mg, 
1.0 mmol) and 4-chlorobutyryl chloride (280 mg, 1.20 mmol) to afford, after 
purification by silica gel flash chromatography (1:10 EtOAc/hexanes), 154 mg (73%) of 4i 
as an oil: IR (film) 3031, 2934, 2240, 1722 cm-1; 1H NMR (400 MHz, Chloroform-d) δ 
6.15 – 6.10 (m, 1H), 5.66 (d, J = 9.9 Hz, 1H), 3.56 (t, J = 6.2 Hz, 2H), 2.94 – 2.90 (m, 2H), 
2.15 – 1.97 (m, 6H), 1.86 – 1.80 (m, 2H); 13C NMR (101 MHz, CDCl3) δ 202.15, 134.35, 
120.54, 119.65, 49.63, 43.90, 35.42, 30.13, 26.26, 24.06, 18.68; HRMS (EI) calcd for 
(M+H+), C11 H15 O N Cl+ = 212.0842, found 212.0837.  
 
 1,2,3,4-tetrahydro-[1,1'-biphenyl]-1,4'-dicarbonitrile (4j): The general 
copper-catalyzed alkenenitrile alkylation procedure was employed with 3a (50 
mg, 0.47 mmol) and 4-iodobenzonitrile (110 mg, 0.48 mmol) to afford, after 
purification by radial chromatography (1:10 EtOAc/hexanes), 98 mg (94%) of 4j as an oil: 
IR (film) 2972, 2209 cm-1;  1H NMR (400 MHz, CDCl3) δ 7.69 (d, J = 8.4 Hz, 2H), 7.59 
(d, J = 8.4 Hz, 2H), 6.23 (dt, J = 9.8, 3.8 Hz, 1H), 5.71 (d, J = 9.9 Hz, 1H), 2.32 – 2.14 (m, 
3H), 1.98 – 1.89 (m, 1H), 1.84 – 1.75 (m, 2H); 13C NMR (101 MHz, CDCl3) δ 146.05, 
4i
CN
O
Cl
H
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133.80, 132.80, 127.27, 124.52, 121.50, 118.36, 112.13, 42.84, 37.93, 24.23, 19.27; 
HRMS(EI) calcd for (M+H+), C14H13N2+ 209.1073, found 209.1070. 
 
 1-(Pyridin-2-yl)cyclohex-2-enecarbonitrile (4k): (1) The general copper-
catalyzed alkenenitrile alkylation procedure was employed with 3a (107 mg, 
1.0 mmol) and 2-chloropyridine (125 mg, 1.2 mmol) to afford, after 
purification by silica gel flash chromatography (15:85 EtOAc/hexanes), 132 mg (72 %) of 
4k as an oil: IR (film) 2932, 2865, 2237 cm-1;  1H NMR (400 MHz, Chloroform-d) δ 8.66 
– 8.65 (m, 1H), 7.76 – 7.71 (m, 1H), 7.54 – 7.51 (m, 1H), 7.28 – 7.24 (m, 1H), 6.20 – 6.17 
(m, 1H), 5.87 – 5.84 (m, 1H), 2.37 – 2.31 (m, 1H), 2.24 – 2.18 (m, 2H), 2.11 (ddd, J = 12.9, 
11.5, 2.8 Hz, 1H), 2.00 – 1.96 (m, 1H), 1.85 – 1.81 (m, 1H). 13CNMR (101 MHz, CDCl3) 
δ 159.29, 149.95, 137.29, 132.65, 125.03, 122.91, 122.19, 120.95, 44.95, 35.76, 24.30, 
19.35. HRMS (EI) calcd for (M+H+), C12H13N2+ = 185.1079, found 185.1073. Preparation 
of 4k by Sulfide-Lithium Exchange: A hexanes solution of BuLi (0.55 mmol, 1.1 equiv.) 
was added to a -78 °C, THF solution (10 mL) of 4n (107 mg, 0.5 mmol). After 5 min, neat 
2-chloropyridine (68 mg, 0.6 mmol) was added, and then the reaction was allowed to 
slowly warm to room temperature. After 12 h, saturated aqueous NH4Cl was added, the 
mixture was extracted with EtOAc, washed with brine and water, dried (Na2SO4), and 
concentrated. The residue was then purified by radial chromatography (1:10 
EtOAc/hexanes) to afford, 68 mg (74%) of 4k as an oil spectrally identical to material 
previously isolated. 
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1-(2-Hydroxypropyl)cyclohex-2-enecarbonitrile (4l): The general copper-
catalyzed alkenenitrile alkylation procedure was employed with 3a (107 mg, 
1.0 mmol) and propylene oxide (70 mg, 1.2 mmol) to afford, after purification by flash 
chromatography (1:10 EtOAc/hexanes), 146 mg (88%) of 4l as an oily mixture of 
inseparable diastereomers: IR (film) 3440,3029, 2933, 2838, 2230 cm-1; diastereomer 1: 
1H NMR (400 MHz, Chloroform-d) δ 5.93 – 5.89 (m, 1H), 5.76 – 5.75 (m, 1H), 4.20 – 4.18 
(m, 1H), 2.13 – 2.02 (m, 3H), 1.86 – 1.67 (m, 6H), 1.27 (d, J = 2.6 Hz, 3H) ; diastereomer 
2: 1H NMR (400 MHz, Chloroform-d) δ 5.93 – 5.89 (m, 1H), 5.61 – 5.58 (m, 1H), 4.20 – 
4.18 (m, 1H), 2.13 – 2.02 (m, 3H), 1.86 – 1.67 (m, 6H), 1.26 (d, J = 2.6 Hz, 3H); 13C NMR 
(101 MHz, CDCl3) δ 131.55, (130.86), 126.97, (126.52), 123.75, (123.70), 65.35, (65.33), 
48.15, 35.84, (35.75), 33.46, (33.37), 25.21, (25.13), 24.50, 19.28, (19.11); HRMS (EI) 
calcd for (M+H+), C10H16NO+ = 166.1232, found 166.1226. 
 
  1-(Pyridin-2-ylthio)cyclohex-2-enecarbonitrile (4m): The general 
copper-catalyzed alkenenitrile alkylation procedure was employed with 3a 
(321 mg, 3 mmol) and 2,2'-dipyridyldisulfide (748 mg, 3.4 mmol) to afford, after 
purification by silica gel flash chromatography (1:10 EtOAc/hexanes), 410 mg (63 %) of 
4m as an oil: IR (film) 2932, 2867, 2842, 2229 cm-1;  1H NMR (400 MHz, Chloroform-d) 
δ 8.59 – 8.57 (m, 1H), 7.64 – 7.60 (m, 1H), 7.42 – 7.40 (m, 1H), 7.19 – 7.16 (m, 1H), 6.05 
– 6.01 (m, 1H), 5.95 – 5.92 (m, 1H), 2.42 – 2.37 (m, 2H), 2.17 – 2.13 (m, 2H), 2.05 – 1.96 
(m, 1H), 1.89 – 1.82 (m, 1H); 13C NMR (101 MHz, CDCl3) δ 155.27, 150.09, 136.93, 
133.24, 125.91, 123.66, 122.07, 120.97, 42.79, 33.30, 24.46, 18.37; HRMS (EI) calcd for 
(M+H+), C12H13N2S+ = 217.0799, found 217.0794. 
4l
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 1-(Phenylthio)cyclohex-2-enecarbonitrile (4n): The general copper-
catalyzed alkenenitrile alkylation procedure was employed with 3a (877 mg, 
8.2 mmol) and diphenyl disulfide (1962 mg, 9.0 mmol) to afford, after purification by silica 
gel flash chromatography (5:95 EtOAc/hexanes), 1.5 g (85%) of 4n as an oil: IR (film) 
2932, 2863, 2231 cm-1;  1H NMR (400 MHz, Chloroform-d) δ 7.71 – 7.68 (m, 2H), 7.47 – 
7.39 (m, 3H), 6.00 (dt, J = 9.8, 3.7 Hz, 1H), 5.61 (dt, J = 9.8, 2.2 Hz, 1H), 2.15 – 1.93 (m, 
5H), 1.79 – 1.75 (m, 1H); 13C NMR (101 MHz, CDCl3) δ 137.27, 132.94, 130.46, 129.55, 
129.37, 123.35, 120.94, 44.05, 32.85, 24.47, 18.19. HRMS(EI) calcd for (M+H+), 
C13H14NS+ = 216.0847, found 216.0842. 
 
 Cyclohept-1-enecarbonitrile (3b): A THF solution of cycloheptanecarbonitrile 
(1.00 g, 8.2 mmol) was added to a -78 °C, THF solution of LDA (1.1 equiv.). After 
1h, a THF (30 mL) solution of methyl phenylsulfinate166 (1.40 g, 9.0 mmol) was added, 
dropwise, and then the reaction was allowed to slowly warm to room temperature. After 
13 h, saturated, aqueous NH4Cl was added, the organic layer was separated, and then the 
aqueous layer was extracted with EtOAc (3 x 20 mL). The combined organic extract was 
washed with brine, dried (Na2SO4), and concentrated to afford a crude product that was 
purified by silica gel flash column chromatography (1:99 EtOAc/hexanes) to afford 751.5 
mg (69%) of pure 3b as an oil: IR (film) 2932, 2862, 2215 cm-1; 1H NMR (400 MHz, 
Chloroform-d) δ 6.79- 6.76 (m, 1H), 2.41 – 2.38 (m, 2H), 2.32 – 2.27 (m, 2H), 1.79 – 1.74 
(m, 2H), 1.63 – 1.53 (m, 4H); 13C NMR (101 MHz, CDCl3) δ 150.65, 121.20, 117.77, 
3b
CN
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31.60, 31.49, 29.76, 26.34, 25.75; HRMS (EI) calcd. for (M+H+ ), C8 H12 N+ = 122.0970, 
found 122.0964. 
 
 1-Benzylcyclohept-2-enecarbonitrile (4o): The general copper-catalyzed 
alkenenitrile alkylation procedure was employed with 3a (121 mg, 1 mmol) and 
benzyl bromide (205 mg, 1.2 mmol) to afford, after purification by silica gel flash 
chromatography (5:95 EtOAc/hexanes), 165 mg (78 %) of 4o as an oil: IR (film) 3029, 
2926, 2856, 2228 cm-1;  1H NMR (400 MHz, Chloroform-d) δ 7.34 – 7.28 (m, 5H), 6.00 – 
5.94 (m, 1H), 5.56 – 5.52 (m, 1H), 2.94 (ABq, ∆ν=0.10, J =16, 2H), 2.31 – 2.20 (m, 2H), 
1.96 – 1.89 (m, 3H), 1.85 – 1.74 (m, 1H), 1.58 – 1.52 (m, 1H), 1.43 – 1.36 (m, 1H); 13C 
NMR (101 MHz, CDCl3) δ 136.23, 135.39, 130.89, 130.62, 128.38, 127.39, 121.74, 46.41, 
42.48, 35.91, 27.68, 26.96, 26.33; HRMS (EI) calcd. for (M+H+ ), C15H18N+ = 212.1439, 
found 212.1434. 
 
 1-Hexylcyclopent-2-enecarbonitrile (4p): A THF solution (10 mL) of LDA 
(2.2 mmol) was added to a -78 °C, THF (5 mL) suspension of CuCN (180 mg, 2.0 
mmol). After 5 min, a THF solution (5 mL) of alkenenitrile 3c (93 mg, 1.0 mmol) 
and 1-iodohexane (466 mg, 2.2 mmol) was added and then the reaction was allowed to 
slowly warm to rt. After 12 h, saturated, aqueous NH4Cl was added, the crude reaction 
mixture was extracted with EtOAc (3×10 mL), dried (Na2SO4), concentrated, and the crude 
nitrile was then purified by silica gel flash chromatography (5:95 EtOAc/hexanes), to 
afford 163 mg (92 %) of 4p as an oil: IR (film) 2956, 2932, 2859, 2227 cm-1;  1H NMR 
(400 MHz, Chloroform-d) δ 5.95 – 5.93 (m, 1H), 5.67 – 5.64 (m, 1H), 2.50 – 2.36 (m, 3H), 
4o
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1.96 – 1.91 (m, 1H), 1.66 – 1.46 (m, 4H), 1.33 – 1.26 (m, 6H), 0.94 – 0.81 (m, 3H); 13C 
NMR (101 MHz, CDCl3) δ 134.65, 131.20, 123.83, 47.97, 39.05, 35.84, 31.70, 31.56, 
29.36, 25.67, 22.67, 14.17; HRMS (EI) calcd. for (M+H+ ), C12H20N+ = 178.1596, found 
178.1590. 
 
 1-(Pyridin-2-yl)cyclopent-2-enecarbonitrile (4q): A THF solution (10 mL) 
of LDA (2.2  mmol) was added to a -78 °C, THF (5 mL) suspension of CuCN 
(180 mg, 2.0 mmol). After 5 min, a THF solution (5 mL) of alkenenitrile 3c 
(93 mg, 1.0 mmol) and 2-chloropyridine (251 mg, 2.2 mmol) was added and was then 
allowed to slowly warm to rt. After 12 h, saturated, aqueous NH4Cl was added, the crude 
reaction mixture was extracted with EtOAc (3×10 mL), dried (Na2SO4), concentrated, and 
then the crude nitrile was purified by silica gel flash chromatography (10:90 
EtOAc/hexanes), to afford 88 mg (52 %) of 4q as an oil: IR (film) 3060, 2946, 2856, 2236 
cm-1;  1H NMR (400 MHz, Chloroform-d) δ 8.64 – 8.62 (m, 1H), 7.75 – 7.70 (m, 1H), 7.52 
– 7.50 (m, 1H), 7.27 – 7.23 (m, 1H), 6.25 – 6.23 (m, 1H), 5.88 – 5.85 (m, 1H), 2.79 – 2.76 
(m, 1H), 2.72 – 2.60 (m, 2H), 2.55 – 2.50 (m, 1H); 13C NMR (101 MHz, CDCl3) δ 158.78, 
149.94, 137.29, 136.88, 130.29, 122.89, 122.20, 120.42, 54.96, 39.12, 32.22; HRMS (EI) 
calcd. for (M+H+ ), C11H11N2+= 171.0922, found 171.0917. 
 
Cu13CN (2.7 mg, 30 µmol) was measured into an NMR tube, purged with 
nitrogen gas, THF-d8 (420 µmL) was added and the tube was then capped 
with a septum.  The NMR tube was cooled to -78 oC, and a benzene-d8 solution of LDA 
4q
CNN
N C
u13CN
162 
 
 
(2.0 equiv) was added.  The NMR tube was inserted into the precooled (-80 oC) NMR 
probe for analysis.  
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6.3 Sulfone–Metal Exchange and Alkylation of Sulfonylnitriles 
 
General Sulfonyl-Lithium Exchange-Alkylation Procedure: A hexanes solution of 
BuLi (1.1 equiv, 1.6 M) was added to a -78 °C, THF solution of the sulfonylnitrile. After 
5 min, neat electrophile (1.1 equiv.) was added and then the reaction was allowed to warm 
to rt. After 2 h, saturated, aqueous NH4Cl was added, the phases were separated and the 
aqueous phase was extracted with EtOAc. The combined organic extract was dried 
(Na2SO4), concentrated, and purified by radial or column chromatography to afford 
analytically pure material.  
General Sulfonyl-Magnesium Exchange-Alkylation Procedure: A hexanes solution of 
BuLi (1.1 equiv, 1.6 M) was added to a -78 °C, THF solution of Bu2Mg (1.1 equiv., 0.5 M 
in heptane). After 5 min, the resultant magnesiate was transferred by syringe to a -15 ~ -5 
oC, THF solution of the sulfonylnitrile. After 30 min, neat electrophile (1.1 equiv.) was 
added and then the reaction was allowed to warm to rt. After 2 h, saturated, aqueous NH4Cl 
was added, the phases were separated and the aqueous phase was then extracted with 
EtOAc. The combined organic extract was dried (Na2SO4), concentrated, and purified by 
radial or column chromatography to afford analytically pure material.  
General Arylsulfonylacetonitrile Alkylation Procedure I: Solid K2CO3 (2.5 equiv.) was 
added to a rt, DMF solution (1.0 M) of the arylsulfonylacetonitrile. After 5 min, neat 
electrophile (1.0 equiv.) was added and then the reaction was heated to 60 oC. After 6 h, 
the reaction was allowed to cool to rt and then saturated, aqueous NH4Cl was added, the 
phases were separated and the aqueous phase was then extracted with methyl-t-butyl ether 
185 
 
 
(MTBE) (3 × 15 mL). The combined organic extract was washed with brine, dried 
(Na2SO4), and concentrated, and then purified by column chromatography to afford 
analytically pure material. 
General Arylsulfonylacetonitrile Alkylation Procedure II: Neat 1,8-
diazabicyclo[5.4.0]undec-7-ene (DBU) was added dropwise to a 0 oC, benzene or toluene 
solution (0.1 M) of the arylsulfonylacetonitrile.167 After 5 min, neat electrophile was added 
dropwise and then the reaction was allowed to warm up slowly to rt. After 12 h, saturated, 
aqueous NaHCO3 was added, the phases were separated, and the aqueous phase was then 
extracted with MTBE (3 × 15 mL). The combined organic extract was washed with brine, 
dried (Na2SO4), and concentrated, and then purified by column chromatography to afford 
analytically pure material.  
1-(Phenylsulfonyl)cyclohexanecarbonitrile (10): Following general 
arylsulfonylacetonitrile alkylation procedure I with K2CO3 (1.90 g, 2.5 equiv.) 
and neat 1, 5-dibromopentane (1.27 g, 1.0 equiv.) in DMF (10 mL) with 
phenylsulfonylacetonitrile (9, 1.0 g 5.53 mmol) afforded, after purification by column 
chromatography (1:10 hexanes: ethyl acetate), 1.13 g (82%) of pure 10 168  as a white 
crystalline solid (m.p. 124-125 °C): IR (film) 2940, 2861, 2232, cm-1; 1H NMR (400 MHz, 
CDCl3) δ 7.96 (d, J = 7.8 Hz, 2H), 7.73 (t, J = 7.4 Hz, 1H), 7.60 (t, J = 7.7 Hz, 2H), 2.07 
(d, J = 12.2 Hz, 2H), 1.96 – 1.84 (m, 4H), 1.73 (d, J = 12.0 Hz, 1H), 1.50 (q, J = 13.8 Hz, 
2H), 1.28 – 1.14 (m, 1H); 13C NMR (101 MHz, CDCl3) δ 135.08, 133.62, 130.67, 129.28, 
116.82, 77.48, 77.16, 76.84, 64.32, 29.04, 24.17, 22.43. HRMS (+APCI) m/z [M + H+] 
calcd for C13H16O2NS 250.0896, found 250.0896. 
CNS
O O
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1-(Pyridin-2-ylsulfonyl)cyclohexanecarbonitrile (15a): Following general 
arylsulfonylacetonitrile alkylation procedure I with K2CO3 (1.90 g, 2.5 equiv.) 
and neat 1, 5-dibromopentane (1.27 g, 1.0 equiv.) in DMF (10 mL) with 2-
pyridylsulfonylacetonitrile (14, 1.0 g, 5.53 mmol) afforded, after purification by column 
chromatography (1:10 hexanes: ethyl acetate), 1.16 g (86%) of pure 15a as a white 
crystalline solid: (m.p. 119-121 °C); IR (film) 2943, 2864, 2243, cm-1; 1H NMR (400 
MHz, CDCl3) δ 8.83 (d, J = 4.4 Hz, 1H), 8.22 (d, J = 7.9 Hz, 1H), 8.04 (td, J = 7.8, 1.4 
Hz, 1H), 7.65 (dd, J = 7.5, 4.8 Hz, 1H), 2.34 (d, J = 12.7 Hz, 2H), 2.10 – 1.89 (m, 4H), 
1.78 (d, J = 13.4 Hz, 1H), 1.66 – 1.49 (m, 2H), 1.35 – 1.18 (m, 1H); 13C NMR (101 MHz, 
CDCl3) δ 153.78, 150.62, 138.48, 128.56, 126.31, 116.64, 64.49, 29.33, 24.37, 22.57. 
HRMS (+APCI) m/z [M + H+] calcd for C12H15O2N2S 251.0849, found 251.0848. 
 
1-(Pyridin-2-ylsulfonyl)cyclopentanecarbonitrile (15b): Following general 
arylsulfonylacetonitrile alkylation procedure I with K2CO3 (1.90 g, 2.5 equiv.) and 
neat 1, 4-diiodobutane (1.7 g, 1.0 equiv.) with DMF (10 mL) and 2-
pyridylsulfonylacetonitrile (14, 1.0 g, 5.53 mmol) afforded, after purification by column 
chromatography (1:10 hexanes: ethyl acetate), 1.07 g (82%) of pure 15b as a white 
crystalline solid (m.p. 99 - 101 °C): IR (film) 2976, 2870, 2231, cm-1; 1H NMR (400 MHz, 
CDCl3) δ 8.78 (d, J = 4.3 Hz, 1H), 8.17 (d, J = 7.8 Hz, 1H), 8.02 (t, J = 7.4 Hz, 1H), 7.63 
(dd, J = 7.4, 4.8 Hz, 1H), 2.78 – 2.71 (m, 2H), 2.33 – 2.27 (m, 2H), 1.95 – 1.82 (m, 4H); 
13C NMR (101 MHz, CDCl3) δ 154.61, 150.55, 138.47, 128.51, 125.30, 118.61, 65.45, 
CNSN
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35.06, 25.61. HRMS (+APCI) m/z [M + H+] calcd for C11H13O2N2S 237.0692, found 
237.0692. 
 
4-(tert-butyl)-1-(pyridin-2-ylsulfonyl)cyclohexane-1-
carbonitrile  (15c): Following general arylsulfonylacetonitrile 
alkylation procedure I with K2CO3 (780 mg, 5.7 mmol.) and 1-bromo-3-(2-bromoethyl)-4, 
4-dimethylpentane (643 mg, 2.26 mmol .) 169  in DMF (10 mL) with 2-
pyridylsulfonylacetonitrile (14, 412 mg, 2.26 mmol) afforded, after purification by column 
chromatography (85:15 hexanes: ethyl acetate), 459 mg (66%) of (1r, 4r)-15c (major) as a 
white crystalline solid, (m.p. 128-129 °C), IR (film) 2962, 2865, 2259 cm-1; 1H NMR (400 
MHz, Chloroform-d) δ 8.83 – 8.82 (m, 1H), 8.21 (d, J = 7.9 Hz, 1H), 8.06 – 8.01 (m, 1H), 
7.66 (ddd, J = 7.7, 4.7, 1.1 Hz, 1H), 2.41 – 2.37 (m, 2H), 2.11 – 1.94 (m, 4H), 1.39 – 1.32 
(m, 2H), 1.09 (tt, J = 12.2, 3.1 Hz, 1H), 0.86 (s, 9H). 13C NMR (101 MHz, CDCl3) δ 153.91, 
150.59, 138.47, 128.54, 126.20, 116.61, 64.44, 46.46, 32.44, 29.77, 27.41, 23.70; and 80 
mg (12%) of pure (1s, 4s) -15c (minor) as a white crystalline solid (m.p. 141-142 °C): 
1HNMR (400 MHz, CDCl3) δ 8.84 – 8.82 (m, 1H), 8.22 (d, J = 7.9 Hz, 1H), 8.02 (td, J = 
7.8, 1.7 Hz, 1H), 7.67 – 7.63 (m, 1H), 2.97 (d, J = 13.8 Hz, 2H), 2.03 – 1.86 (m, 4H), 1.77 
– 1.73 (m, 2H), 1.19 – 1.12 (m, 1H), 0.89 (s, 9H); 13C NMR (101 MHz, CDCl3) δ 154.52, 
150.51, 138.44, 128.55, 125.89, 118.73, 60.55, 45.67, 32.72, 31.13, 27.54, 21.77. HRMS 
(+APCI) m/z [M + H+] calcd for C16H23O2N2S 307.1475, found 307.1474. 
 
1-(Pyridin-2-ylsulfonyl)cycloheptanecarbonitrile (15d): Following general 
arylsulfonylacetonitrile alkylation procedure I with K2CO3 (1.90 g, 2.5 equiv.) and neat 
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1,6- dibromohexane (1.35 g, 1.0 equiv.) with DMF (10 mL) and 2-
pyridylsulfonylacetonitrile (14, 1.0 g, 5.53 mmol) afforded, after purification by column 
chromatography (1:10 hexanes: ethyl acetate), 1.46 g (88%) of pure 15d as a white 
crystalline solid (m.p. 95-97 °C): IR (film) 2937, 2871, 2260, cm-1; 1H NMR (400 MHz, 
CDCl3) δ 8.84 (d, J = 4.2 Hz, 1H), 8.23 (d, J = 7.9 Hz, 1H), 8.09 – 7.99 (m, 1H), 7.65 (dd, 
J = 7.3, 4.8 Hz, 1H), 2.45 – 2.30 (m, 4H), 1.97 – 1.88 (m, 2H), 1.72 – 1.58 (m, 6H); 13C 
NMR (101 MHz, CDCl3) δ 153.96, 150.61, 138.48, 128.56, 126.64, 117.78, 66.80, 32.13, 
27.63, 23.55; HRMS (+APCI) m/z [M + H+] calcd for C13H17O2N2S 265.1005, found 
265.1005. 
2-Propyl-2-(pyridin-2-ylsulfonyl)pentanenitrile (15e): Following general 
arylsulfonylacetonitrile alkylation procedure I with a rt, DMF solution (10 mL) 
of  2-pyridylsulfonylacetonitrile (14, 1.0 g, 5.53 mmol), K2CO3 (1.90 g, 2.5 equiv.) and 
neat 1-bromopropane (1.70 g, 2.5 equiv.) afforded, after purification by column 
chromatography (1:10 hexanes: ethyl acetate), 1.27 g (86%) of pure 15e as a white 
crystalline solid (m.p. 84-85 °C): IR (film) 2960, 2872, 2260 cm-1; 1H NMR (400 MHz, 
CDCl3) δ 8.84 (ddd, J = 4.7, 1.7, 0.8 Hz, 1H), 8.22 (dt, J = 7.9, 0.9 Hz, 1H), 8.04 (td, J = 
7.8, 1.7 Hz, 1H), 7.65 (ddd, J = 7.7, 4.7, 1.1 Hz, 1H), 2.19 - 2.13 (m, 2H), 2.07 - 2.00 (m, 
2H), 1.64 - 1.55 (m, 4H), 0.97 (t, J = 7.3 Hz, 6H); 13C NMR (101 MHz, CDCl3) δ 154.26, 
150.59, 138.50, 128.57, 126.39, 116.75, 66.54, 33.95, 18.47, 14.12; HRMS (+APCI) m/z 
[M + H+] calcd for C13H19O2N2S 267.1162, found 267.1161. 
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 2-(Pyridin-2-ylsulfonyl)hept-6-enenitrile  (i): Following the general 
arylsulfonylacetonitrile alkylation procedure II with DBU (1.52 g, 1.0 
equiv.), 5-bromo-1-pentene (1.49 g, 1.0 equiv.) in benzene (10 mL) 
with 2-pyridylsulfonylacetonitrile (14, 1.82 g, 10.0 mmol) afforded, after purification by 
column chromatography (1:10 hexanes: ethyl acetate), 1.78 g (71%) of i as an oil: IR 
(film) 3062, 2259, 1641 cm-1; 1H NMR (400 MHz, CDCl3) δ 8.81 - 8.80 (m, 1H), 8.20 - 
8.18 (m, 1H), 8.08 - 8.04 (m, 1H), 7.67 (dd, J = 7.7, 4.7 Hz, 1H), 5.78 (ddt, J = 16.9, 
10.2, 6.7 Hz, 1H), 5.10 - 5.02 (m, 2H), 4.65 (dd, J = 10.4, 4.8 Hz, 1H), 2.27 - 2.16 (m, 
4H), 1.87 - 1.83 (m, 1H), 1.71 - 1.65 (m, 1H); 13C NMR (101 MHz, CDCl3) δ 155.00, 
150.81, 138.77, 136.79, 128.68, 123.91, 116.36, 113.63, 53.20, 32.86, 25.96, 24.63; 
HRMS (+APCI) m/z [M + H+] calcd for C12H15O2N2S 251.0849, found 251.0847. 
 
 2-Propyl-2-(pyridin-2-ylsulfonyl)hept-6-enenitrile  (15f): Following 
general arylsulfonylacetonitrile alkylation procedure II with DBU (283 
mg, 1.86 mmol), propyl iodide (316 mg, 1.86 mmol) and 2-(pyridin-2-
ylsulfonyl)hept-6-enenitrile (i, 310 mg, 1.24 mmol) in a 0 oC, benzene solution (10 mL) 
afforded, after purification by column chromatography (15:85 hexanes: ethyl acetate), 
329 mg (91%) of 15f as an oil: IR (film) 2969, 2257 cm-1; 1H NMR (400 MHz, CDCl3) δ 
8.85 – 8.84 (m, 1H), 8.23 (d, J = 7.9 Hz, 1H), 8.05 (td, J = 7.8, 1.7 Hz, 1H), 7.68 – 7.64 
(m, 1H), 5.75 (ddt, J = 17.0, 10.2, 6.7 Hz, 1H), 5.06 - 4.99 (m, 2H), 2.21 - 2.03 (m, 6H), 
1.68 - 1.55 (m, 4H), 0.98 (t, J = 7.3 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 154.30, 
150.61, 138.52, 137.10, 128.59, 126.44, 116.75, 116.11, 66.53, 33.95, 33.45, 31.39, 
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24.12, 18.50, 14.15; HRMS (+APCI) m/z [M + H+] calcd for C15H21O2N2S 293.1318, 
found 293.1315. 
 
 (E)-3-Phenyl-2-(pyridin-2-ylsulfonyl) acrylonitrile (18): Triethyl 
amine (101 mg, 1.0 mmol) and benzaldehyde (106 mg, 1.0 mmol) 
were sequentially added to a rt, CH3CN solution (10 mL) of pyridine-
2-sulfonylacetonitrile (182 mg, 1.00 mmol). After 16 h, the reaction mixture was filtered 
through a celite pad, concentrated, and then the residue was purified by flash 
chromatography (15:85 EtOAc/hexanes) to afford, 207 mg (77%) of 18 as an oil: IR 
(film) 3066, 2232, 1645 cm-1; 1H NMR (400 MHz, CDCl3) δ 8.78 (ddd, J = 4.7, 1.7, 0.9 
Hz, 1H), 8.38 (s, 1H), 8.27 (d, J = 7.9 Hz, 1H), 8.05 (td, J = 7.8, 1.7 Hz, 1H), 8.00 - 7.97 
(m, 2H), 7.63 - 7.60 (m, 2H), 7.53 (t, J = 7.6 Hz, 2H); 13C NMR (101 MHz, CDCl3) δ 
155.60, 154.78, 150.87, 138.64, 134.46, 131.29, 130.13, 129.51, 128.23, 123.75, 112.93, 
111.65; HRMS (+APCI) m/z [M + H+] calcd for C14H11O2N2S = 271.0536, found 
271.0535.  
 
 2-Benzyl-2-(pyridin-2-ylsulfonyl)pentanenitrile  (ii): Solid sodium 
borohydride (84 mg, 2.2 mmol) was added portion-wise to a 0 oC, 
MeOH: CH2Cl2 (1:2) solution (30 mL) of 18 (E)-3-phenyl-2-(pyridin-
2-ylsulfonyl)acrylonitrile (540 mg, 2.0 mmol) and then the reaction was allowed to 
slowly warm to rt. After 12 h, saturated, aqueous NH4Cl was added, the phases were 
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separated and then the organic phase was extracted with CH2Cl2 (3 × 10 mL). The 
combined organic extracts were dried (Na2SO4), concentrated, and then the crude nitrile 
was purified by flash chromatography (15:85 EtOAc/hexanes) to afford 591 mg (92%) of 
ii as an oil: IR (film) 2928, 2227 cm-1; 1H NMR (400 MHz, CDCl3) δ 8.81 - 8.79 (m, 1H), 
8.22 - 8.20 (m, 1H), 8.08 - 8.06 (m, 1H), 7.68 – 7.65 (m, 1H), 7.37 – 7.32 (m, 5H), 4.82 
(dd, J = 11.7, 4.0 Hz, 1H), 3.63 (dd, J = 13.7, 4.1 Hz, 1H), 3.36 (dd, J = 13.6, 11.8 Hz, 
1H); 13C NMR (101 MHz, CDCl3) δ 154.88, 150.83, 138.84, 133.76, 129.36, 128.77, 
128.33, 124.01, 113.35, 55.30, 31.36. HRMS (+APCI) m/z [M + H+] calcd for 
C16H21ON2=257.1648, found 257.1647.  
 
 2-Benzyl-2-(pyridin-2-ylsulfonyl)pentanenitrile  (15g): Neat propyl 
idode (357 mg, 2.1 mmol) was added to a rt, DMF solution (5 mL) of  2-
benzyl-2-(pyridin-2-ylsulfonyl)pentanenitrile (380 mg, 1.4 mmol) and 
K2CO3 (290 mg, 2.1 mmol). After 15 min, the reaction mixture was heated to 60 oC. After 
6 h, the reaction was allowed to cool to rt and then saturated, aqueous NH4Cl was added. 
The organic phase was separated, and then the aqueous phase was extracted with MTBE 
(3 x 15 mL). The combined organic extract was washed with brine, dried (Na2SO4), and 
concentrated to afford, after purification by column chromatography (85:15 hexanes: 
ethyl acetate), 410 mg (93%) of 15g as an oil: IR (film) 2968, 2231, 1604 cm-1; 1H NMR 
(400 MHz, CDCl3) δ 8.87 – 8.85 (m, 1H), 8.25 (d, J = 7.9 Hz, 1H), 8.06 (td, J = 7.8, 1.7 
Hz, 1H), 7.69 – 7.66 (m, 1H), 7.37 – 7.27 (m, 5H), 3.44 (ABq, ∆ν = 80.0 Hz, J=16.0 Hz, 
2H), 2.19 (ddd, J = 14.5, 12.4, 4.6 Hz, 1H), 1.90 (ddd, J = 14.6, 12.5, 4.5 Hz, 1H), 1.64 – 
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1.58 (m, 1H), 1.38 – 1.36 (m, 1H), 0.85 (t, J = 7.3 Hz, 3H); 13C NMR (101 MHz, CDCl3) 
δ 154.37, 150.62, 138.58, 132.66, 130.53, 128.87, 128.64, 128.25, 126.46, 116.44, 67.13, 
38.43, 33.42, 18.78, 14.05. HRMS (+APCI) m/z [M + H+] calcd for C17H19O2N2S = 
315.1162, found 315.1158. 
 
 2-(2-(Chloromethyl)allyl)-2-(pyridin-2-ylsulfonyl)hept-6-enenitrile  
(15h): Following general arylsulfonylacetonitrile alkylation procedure II 
with DBU (283 mg, 1.86 mmol), 3-chloro-2-chloromethyl-1-propene  
(316 mg, 1.86 mmol), and 2-(pyridin-2-ylsulfonyl)hept-6-enenitrile (i, 310 mg, 1.24 
mmol) in a 0 oC, benzene solution (10 mL) afforded, after purification by column 
chromatography (15:85 hexanes: ethyl acetate), 222 mg (53%) of 15h as an oil: IR (film) 
2942, 2239 cm-1; 1H NMR (400 MHz, CDCl3) δ 8.87 – 8.85 (m, 1H), 8.24 (d, J = 7.9 Hz, 
1H), 8.09 – 8.06 (m, 1H), 7.70 – 7.66 (m, 1H), 5.74 – 5.69 (m, 1H), 5.48 (s, 1H), 5.29 (s, 
1H), 5.05 – 4.99 (m, 2H), 4.19 (ABq, ∆ν = 20.0 Hz, J=12.0 Hz, 2H), 3.08 (ABq, ∆ν 
=128.0 Hz, J=12.0 Hz, 2H), 2.29 – 2.19 (m, 1H), 2.11 – 2.06 (m, 3H), 1.78 – 1.74 (m, 
2H); 13C NMR (101 MHz, CDCl3) δ 150.70, 138.65, 138.07, 136.97, 128.78, 126.49, 
122.56, 116.56, 116.22, 65.28, 48.00, 35.10, 33.42, 31.93, 24.35; HRMS (+APCI) m/z [M 
+ H+] calcd for C16H20O2N2ClS 339.0929, found 339.0929.  
 
N
S CN
O O
Cl
193 
 
 
 2-Propyl-2-(pyridin-2-ylsulfonyl)hept-6-enenitrile  (15i): 
Following general arylsulfonylacetonitrile alkylation procedure II 
with a 0 oC, benzene solution (10 mL) of 2-(pyridin-2-
ylsulfonyl)hept-6-enenitrile (180 mg, 0.72 mmol), DBU (164 mg, 1.08 mmol) and 1-
chloro-4-iodobutane (235 mg, 1.08 mmol) afforded, after purification by column 
chromatography (15:85 hexanes: ethyl acetate), 215 mg (88%) of 15i as an oil: IR (film) 
2942, 2239 cm-1; 1H NMR (400 MHz, CDCl3) δ 8.84 (ddd, J = 4.7, 1.8, 0.9 Hz, 1H), 8.23 
(dt, J = 7.9, 1.0 Hz, 1H), 8.05 (td, J = 7.8, 1.7 Hz, 1H), 7.68 - 7.65 (m, 1H), 5.78 - 5.72 
(m, 1H), 5.06 - 5.00 (m, 2H), 3.55 (t, J = 6.3 Hz, 2H), 2.26 - 2.22 (m, 2H), 2.14 - 2.07 (m, 
4H), 1.85 - 1.70 (m, 6H); 13C NMR (75 MHz, CDCl3) δ 154.30, 150.65, 138.58, 136.97, 
128.67, 126.41, 116.54, 116.21, 66.34, 44.12, 33.38, 32.25, 31.34, 31.28, 24.09, 22.33. 
HRMS (+APCI) m/z [M + H+] calcd for C16H22O2N2ClS 341.1085, found 341.1085. 
 
 (E)-3-Phenyl-2-(pyridin-2-ylsulfonyl) acrylonitrile (15j): A dibutyl 
ether solution (0.14 mL) of phenyllithium (0.28 mmol) was added to a -
78 oC, THF solution (10 mL) of  (E)-3-phenyl-2-(pyridin-2-ylsulfonyl) acrylonitrile 
(18,68 mg, 0.25 mmol). After 15 min, neat methyl iodide (71mg, 0.5 mmol) was added 
and then the reaction mixture was allowed to slowly warm to rt. After 12 h, saturated, 
aqueous NH4Cl was added, the phases were separated and the aqueous phase was 
extracted with EtOAc (3 × 10 mL). The combined organic phase was dried (Na2SO4), 
concentrated, and then the residue was purified by flash chromatography (15:85 
EtOAc/hexanes) to afford 83 mg (92%) of 15j as an oil: IR (film) 3061, 2253 cm-1; 1H 
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NMR (300 MHz, CDCl3) δ 8.62 (d, J = 4.4 Hz, 1H), 7.71 - 7.64 (m, 2H), 7.64 - 7.50 (m, 
4H), 7.46 - 7.30 (m, 4H), 7.27 - 7.05 (m, 3H), 4.54 (s, 1H), 1.80 (s, 3H); 13C NMR (75 
MHz, CDCl3) δ 155.14, 150.09, 138.68, 138.28, 137.78, 129.35, 129.14, 128.90, 128.72, 
128.19, 127.80, 127.68, 125.69, 118.00, 64.75, 55.61, 21.56; HRMS (+APCI) m/z [M + 
H+] calcd for C21H19O2N2S 363.1162, found 363.1161. 
 
 3-Imino-3H-spiro[benzo[b]thiophene-2,1'-cyclohexane] 1,1-dioxide  
(13): A hexanes solution (0.19 mL) of BuLi (0.30 mmol) was added to 
a -78 oC, THF solution (30 mL) of 10 (75mg, 0.30 mmol). The reaction 
mixture was allowed to warm to -45 oC over 15 min and then brine was added. The 
phases were separated and then the aqueous phase was then extracted with EtOAc. The 
combined organic extract was dried (Na2SO4), concentrated, and purified by column 
chromatography (30:70 hexanes: ethyl acetate) on Florisil to afford 52 mg (70%) of 13 as 
an oily mixture of diastereomers (1:1.2 ration): IR (film) 3257, 2933, 1638 cm-1. For the 
minor diastereomer: 1H NMR (300 MHz, C6D6) δ 9.97 (s, 1H), 8.02 (d, J = 8.3 Hz, 1H), 
7.47 – 7.44 (m, 1H), 6.50 (d, J = 7.9 Hz, 1H), 2.39 – 0.78 (m, 10H); For the major 
diastereomer: 1H NMR (300 MHz, C6D6) δ 9.51 (s, 1H), 7.47 – 7.44 (m, 1H), 6.86 – 6.72 
(m, 3H), 2.39 – 0.78 (m, 10H); 13C NMR (75 MHz, CD3COCD3) δ 173.85, (173.20), 
141.81, (141.08), 135.36, (135.13), 135.04, (135.02), 134.04, (131.26), 124.77, (124.52), 
122.73, (122.14), 67.50, (67.03), 31.86, (31.56), 25.66, (25.14), 23.09, (22.96); HRMS 
(+APCI) m/z [M + H+] calcd for C13H16O2NS 250.0896, found 250.0897. 
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1-Benzylcyclohexanecarbonitrile (4a): The general sulfonyl-lithium 
exchange-alkylation procedure was employed with 15a (50 mg, 0.2 mmol) and 
benzyl bromide (38 mg, 0.22 mmol) to afford, after purification by radial chromatography 
(1:10 EtOAc/hexanes), 41 mg (86%) of 4a as an oil exhibiting spectra data identical to that 
previously reported.170  
 
1-Benzylcyclopentanecarbonitrile (4b): The general sulfonyl-magnesium 
exchange-alkylation procedure was employed with 15b (50 mg, 0.212 mmol) 
and benzyl bromide (44 mg, 0.23 mmol) to afford, after purification by radial 
chromatography (1:10 EtOAc/hexanes), 38 mg (86%) of 4b as an oil exhibiting spectra 
data identical to that previously reported.158  
 
 1-Allylcyclohexanecarbonitrile (4c): (A) The general sulfonyl-magnesium 
exchange-alkylation procedure was employed with 15a (50 mg, 0.20 mmol) and 
allyl bromide (28 mg, 0.22 mmol) to afford, after purification by radial chromatography 
(5:95 EtOAc/hexanes), 24 mg (82%) of 4c as an oil exhibiting spectra data identical to that 
previously reported.157 (B)  A hexanes solution of BuLi (0.22 mmol, 1.1 equiv.) was added 
to a -60 °C, THF solution of the 15a (50 mg, 0.20 mmol). After 15 s, neat 3-(2-
methoxyethoxy)propene 171 (93 mg, 0.80 mmol) was added and then the reaction was 
allowed to slowly warm to rt. After 14h, saturated, aqueous NH4Cl was added, the phases 
were separated and the aqueous phase was extracted with EtOAc. The combined organic 
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extract was dried (Na2SO4), concentrated, and purified by column flash chromatography 
(5:95 EtOAc/hexanes), 16 mg (53%) of 4c as an oil exhibiting spectra data identical to that 
previously reported.157  
 
 1-(Pent-4-en-1-yl)cyclohexanecarbonitrile (4d): The general sulfonyl-
magnesium exchange-alkylation procedure was employed with 15a (50 mg, 
0.20 mmol)  and 5-bromo-1-pentene (33 mg, 0.22 mmol) to afford, after purification by 
flash column chromatography (15:85 EtOAc/hexanes), 26 mg (73%) of 4d as an oil: IR 
(film) 3066, 2232, 1603 cm-1; 1H NMR (400 MHz, CDCl3) δ 5.79 – 5.77 (m, 1H), 5.04 – 
4.96 (m, 2H), 2.10 – 2.07 (m, 2H), 1.97 (d, J = 12.5 Hz, 2H), 1.73 – 1.68 (m, 3H), 1.63 – 
1.55 (m, 4H), 1.53 – 1.50 (m, 2H), 1.24 – 1.17 (m, 3H); 13C NMR (101 MHz, CDCl3) δ 
138.08, 123.90, 115.25, 40.06, 39.06, 35.83, 33.75, 25.59, 23.71, 23.20; HRMS (+APCI) 
m/z [M + H+] calcd for C12H20N 178.1590, found 178.1589. 
 
 1-(Phenylthio)cyclohexanecarbonitrile (4e): The general sulfonyl-
magnesium exchange-alkylation procedure was employed with 15a (50 mg, 0.20 
mmol)  and diphenyl disulfide (48 mg, 0.22 mmol) to afford, after purification by flash 
column chromatography (1:10 EtOAc/hexanes), 33 mg (76%) of 4e as an oil exhibiting 
spectra data identical to that previously reported.172  
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 Methyl 1-cyanocyclohexanecarboxylate (4f): The general sulfonyl-
magnesium exchange-alkylation procedure was employed with 15a (50 mg, 
0.20 mmol) and methyl cyanoformate (44 mg, 0.21 mmol) to afford, after 
purification by flash column chromatography (1:10 EtOAc/hexanes), 38 mg (86%) of 4f 
as an oil exhibiting spectra data identical to that previously reported.157  
 
 1-(Pyridin-2-yl)cyclohexanecarbonitrile (4g): The general sulfonyl-
magnesium exchange-alkylation procedure was employed with 15a (50 mg, 
0.20 mmol)  and 2-chloropyridine (23 mg, 0.20 mmol) to afford, after 
purification by flash column chromatography (15:85 EtOAc/hexanes), 32 mg (85%) of 4g 
as an oil that exhibited spectral data identical to that previously reported.173 
 
 (1S, 4S)-1-Allyl-4-(tert-butyl)cyclohexanecarbonitrile  (4h): The 
general sulfonyl-magnesium exchange-alkylation procedure was 
employed with 15c (61 mg, 0.20 mmol)  and allyl bromide (48 mg, 0.40 mmol) to afford, 
after purification by flash column chromatography (5:95 EtOAc/hexanes), 31 mg (76%) of 
4h as an oily mixture of diastereomers (1:11.4 ratio) determined by 1HNMR integration of 
the signals at δ=2.28 and δ=2.38, that exhibited spectral data identical to that previously 
reported.174 
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Methyl 1-cyanocycloheptanecarboxylate (4i): The general sulfonyl-
magnesium exchange-alkylation procedure was employed with 15d (50 mg, 
0.19 mmol) and methyl cyanoformate (19 mg, 0.22 mmol) to afford, after purification by 
radial chromatography (1:10 EtOAc/hexanes), 31 mg (85%) of 4i as an oil exhibiting 
spectra data identical to that previously reported.77  
 
1-Benzylcyclopentanecarbonitrile (4j): The general sulfonyl-magnesium 
exchange-alkylation procedure was employed with 15d (50 mg, 0.19 mmol) and 
benzyl bromide (44 mg, 0.21 mmol) to afford, after purification by radial chromatography 
(1:10 EtOAc/hexanes), 38 mg (88%) of 4j as an oil exhibiting spectra data identical to that 
previously reported.175 
1-Benzylcyclopentanecarbonitrile (4k): (A) The general sulfonyl-magnesium 
exchange-alkylation procedure was employed with 15d (53 mg, 0.20 mmol) 
and allyl bromide (27 mg, 0.22 mmol) to afford, after purification by column flash 
chromatography (5:95 EtOAc/hexanes), 25 mg (76%) of 4k as an oil: IR (film) 2930, 2238 
cm-1; 1H NMR (500 MHz, CDCl3) δ 5.88 (m, 5.89 – 5.86, 1H), 5.21 - 5.14 (m, 2H), 2.29 
(d, J = 7.3 Hz, 2H), 2.01 - 1.97 (m, 2H), 1.71 - 1.66 (m, 6H), 1.54 - 1.48 (m, 4H); 13C NMR 
(126 MHz, CDCl3) δ 132.71, 124.52, 119.81, 45.24, 41.45, 37.85, 28.03, 23.59; HRMS 
(+APCI) m/z [M + H+] calcd for C11H18N 164.1434, found 164.1434. (B)  A hexanes 
solution of BuLi (0.22 mmol, 1.1 equiv.) was added to a -60 °C, THF solution of the 15d 
(53mg, 0.20 mmol). After 15 s, neat 3-(2-methoxyethoxy)propene171 (93 mg, 0.80 mmol) 
was added and then the reaction was allowed to slowly warm to rt. After 14h, saturated, 
CNMeO
O
CNPh
CN
199 
 
 
aqueous NH4Cl was added, the phases were separated and the aqueous phase was extracted 
with EtOAc. The combined organic extract was dried (Na2SO4), concentrated, and purified 
by column flash chromatography (5:95 EtOAc/hexanes), 17 mg (51%) of 4k as an oil 
exhibiting spectra data identical to that previously reported. 
 
 2-Benzyl-2-propylpentanenitrile  (4l): The general sulfonyl-
magnesium exchange-alkylation procedure was employed with 15e (58 
mg, 0.20 mmol)  and benzyl bromide (57 mg, 0.40 mmol) to afford, after purification by 
flash column chromatography (5:95 EtOAc/hexanes), 28 mg (85%) of 4l as an oil: IR 
(film) 2944, 2260 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.35 – 7.24 (m, 5H), 2.84 (s, 2H), 
1.52 – 1.47 (m, 8H), 0.96 – 0.92 (m, 6H); 13C NMR (101 MHz, CDCl3) δ 135.73, 130.42, 
128.48, 127.30, 123.82, 42.48, 42.04, 38.26, 17.90, 14.25; HRMS (+APCI) m/z [M + H+] 
calcd for C15H22N 216.1747, found 216.1747. 
 
 2-Methyl-2-propylhept-6-enenitrile  (4m): The general sulfonyl-
magnesium exchange-alkylation procedure was employed with 15f (58 
mg, 0.20 mmol)  and methyl iodide (57 mg, 0.40 mmol) to afford, after purification by 
flash column chromatography (5:95 EtOAc/hexanes), 28 mg (85%) of 4m as an oil: IR 
(film) 3079, 2961, 2231, 1642 cm-1; 1H NMR (400 MHz, CDCl3) δ 5.79 – 5.75 (m, 1H), 
5.05 – 4.96 (m, 2H), 2.15 – 2.07 (m, 2H), 1.60 – 1.42 (m, 8H), 1.29 (s, 3H), 0.96 (t, J = 
6.9 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 138.00, 124.70, 115.33, 41.71, 38.95, 36.74, 
CN
CN
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33.73, 24.14, 24.09, 18.26, 14.28; HRMS (+APCI) m/z [M + H+] calcd for C11H20N 
166.1590, found 166.1589.  
 
 2-Benzyl-2-(pyridin-2-ylsulfonyl)pentanenitrile  (4n): The general 
sulfonyl-magnesium exchange-alkylation procedure was employed with 
15g (60 mg, 0.20 mmol)  and allyl bromide (27 mg, 0.22 mmol) to afford, 
after purification by flash column chromatography (5:95, EtOAc/hexanes), 30 mg (70%) 
of 4n as an oil: IR (film) 3079, 2230, 1642 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.36 – 
7.25 (m, 5H), 5.91 – 5.84  (m, 1H), 5.26 – 5.17  (m, 2H), 2.85 (s, 2H), 2.31 (d, J = 7.3 
Hz, 2H), 1.56 – 1.48 (m, 4H), 0.96 – 0.93 (m, 3H); 13C NMR (101 MHz, CDCl3) δ 
135.53, 132.06, 130.50, 128.53, 127.41, 123.24, 120.28, 42.44, 41.90, 40.52, 38.12, 
17.97, 14.20; HRMS (+APCI) m/z [M + H+] calcd for C15H20N 214.1590, found 
214.1589. 
 
 2-Benzyl-2-(2-(chloromethyl)allyl)hept-6-enenitrile  (4o): The general 
sulfonyl-lithium exchange-alkylation procedure was employed with 15h 
(80 mg, 0.24 mmol)  and benzyl bromide (44 mg, 0.26 mmol) to afford, 
after purification by flash column chromatography (5:95 EtOAc/hexanes), 
47 mg (68%) of 4o as an oil: IR (film) 2946, 2343, 1641 cm-1; 1H NMR (400 MHz, 
CDCl3) δ 7.35 - 7.26 (m, 5H), 5.78 - 5.73 (m, 1H), 5.45 (s, 1H), 5.24 (s, 1H), 5.04 - 4.97 
(m, 2H), 4.18 (s, 2H), 2.88 (ABq, ∆ν =24 Hz, J=16.0 Hz, 2H), 2.45 (ABq, ∆ν =28.0 Hz, 
CN
CN
Cl
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J=16.0 Hz, 2H), 2.08 – 2.06 (m, 2H), 1.63 – 1.55 (m, 4H); 13C NMR (101 MHz, CDCl3) 
δ 140.09, 137.68, 135.08, 130.52, 128.63, 127.62, 123.12, 120.88, 115.60, 48.85, 43.22, 
41.06, 39.67, 35.98, 33.63, 23.92; HRMS (+APCI) m/z [M + H+] calcd for C18H23NCl 
288.1514, found 288.1511. 
 
 1-(Pent-4-en-1-yl)cyclopentane-1-carbonitrile (4p): The general 
sulfonyl-magnesium exchange-alkylation procedure was employed with 
15i (68 mg, 0.20 mmol)  to afford, after purification by flash column 
chromatography (5:95 EtOAc/hexanes), 27 mg (82%) of 4p as an oil: IR (film) 2923, 
2867, 2168 cm-1; 1H NMR (400 MHz, CDCl3) δ 5.79 – 5.75  (m, 1H), 5.05 – 4.96 (m, 
2H), 2.14 – 2.08 (m, 4H), 1.84 – 1.55 (m, 10H); 13C NMR (101 MHz, CDCl3) δ 138.03, 
125.52, 115.28, 43.25, 38.29, 38.12, 33.71, 25.71, 24.35; HRMS (+APCI) m/z [M + H+] 
calcd for C11H18N 164.1434, found 164.1433. 
 
 2,2-dimethyl-3,3-diphenylpropanenitrile (4q): The general sulfonyl-
magnesium exchange-alkylation procedure was employed with 15j (50 mg, 
0.14 mmol)  and methyl iodide (39 mg, 0.28 mmol) to afford, after purification by flash 
column chromatography (5:95 EtOAc/hexanes), 27 mg (82%) of 4q as an oil: IR (film) 
3031, 2979, 2233 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.57 – 7.54 (m, 4H), 7.34 – 7.30 
(m, 4H), 7.26 – 7.22 (m, 2H), 3.63 (s, 1H), 1.38 (s, 6H); 13C NMR (101 MHz, CDCl3) δ 
PhPh
CN
CN
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140.43, 128.94, 128.83, 127.40, 125.03, 61.40, 36.26, 27.81; HRMS (+APCI) m/z [M + 
H+] calcd for C17H18N = 236.1434, found 236.1432.176 
 
2-(butylsulfonyl)pyridine: The general sulfonyl-magnesium exchange-
alkylation procedure was employed with 15a (50 mg, 0.2 mmol) and 
benzyl bromide (38 mg, 0.22 mmol) to afford, after purification by column flash 
chromatography (1:10 EtOAc/hexanes), 37 mg (93%) of iii as an oil: IR (film) 2959, 2876, 
1310 cm-1; 1H NMR (300 MHz, CDCl3) δ 8.73 (d, J = 4.6 Hz, 1H), 8.08 (d, J = 7.8 Hz, 
1H), 7.96 (td, J = 7.7, 1.4 Hz, 1H), 7.54 (dd, J = 7.0, 5.3 Hz, 1H), 3.43 - 3.32 (t, J =9.0 Hz, 
2H), 1.70 (p, J = 7.6 Hz, 2H), 1.41 (h, J = 7.3 Hz, 2H), 0.89 (t, J = 7.3 Hz, 3H); 13C NMR 
(75 MHz, CDCl3) δ 157.41, 150.33, 138.25, 127.41, 122.24, 51.78, 24.17, 21.71, 13.60; 
HRMS (+APCI) m/z [M + H+] calcd for C9H14O2NS = 200.0740, found 200.0740. 
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X-ray Crystallography Data 
 
Crystallization Procedure for C16H22N2O2S 
10-20 mg of C16H22N2O2S was dissolved in 1 mL of benzene. A vapor diffusion set up via 
double vial apparatus was used to crystallize the compound. Pentane was used as the 
precipitant (~2-3mL). The double vial apparatus was left undisturbed at room temperature 
for 24 hours. Long clear bars were formed and the crystals were indexed. Unit cell (XRD), 
Monoclinic P, a: 14.4479(13) Å, b: 6.1574(5) Å, c: 21.1686(19)Å, b: 105.062(2)°  
S
CN
O O
N
238 
 
 
X-ray crystal structure determinations were performed using a Bruker Kappa APEX II 
DUO diffractometer equipped with an Oxford Cryostream, which was cooled to 100K for 
data collection.  Crystals were mounted on a MiTeGen loop using Paratone-N oil, and 
measured using MoKα radiaiton monochromatized using a TRIUMPH monochromator.  
Data were integration and reduction were performed using the Bruker Suite (SAINT, 
SADABS). The structure was solved using direct methods and refined using full-matrix 
least squares refinement using the SHELX suite. 
 
 
6.4 Chiral Sulfinyl-Metal Exchange Alkylation 
Neat hydrocinnamonitrile (665 mg, 5.0 mmol) was added to a -78 oC THF 
solution (50 mL) of LDA (5.5 mmol). After 5s, neat 1-bromo-3,6-
dioxaheptane (915 mg, 5.0 mmol) was added and then the reaction was 
allowed to warm to rt. After 12 h, saturated, aqueous NH4Cl was added, the organic layer 
was separated, and then the aqueous layer was extracted with EtOAc (3 x 15 mL). The 
combined organic extract was washed with brine, dried (Na2SO4), and concentrated to 
afford a crude product that was purified by flash column chromatography (70:30 hexanes: 
ethyl acetate) to afford 862 mg (74%) of pure 1 as an oil: IR (film) 2874, 2239 cm-1; 1H 
NMR (500 MHz, CDCl3) δ 7.35 - 7.32 (m, 2H), 7.29 - 7.24 (m, 3H), 3.68 - 3.52 (m, 6H), 
3.38 (s, 3H), 3.11 – 3.05 (m, 1H), 2.92 - 2.90 (m, 2H), 1.99 - 1.92 (m, 1H), 1.84 – 1.80 (m, 
1H). 13C NMR (75 MHz, CDCl3) δ 137.01, 129.25, 128.85, 127.38, 121.57, 71.96, 70.58, 
68.04, 59.20, 38.42, 32.15, 30.69. HRMS (+APCI) m/z [M + H+] calcd for C14H20NO2 
234.1489, found 234.1485.  
CN
O
O1
239 
 
 
 
A THF solution (5 mL) of 1 (132 mg, 0.57 mmol) was added to a -78oC 
THF (10 mL) solution of LDA (0.63 mmol). After 1h, a THF solution (5 
mL) of (1R, 2S,5R)-(-)-methyl (S)-p-toluenesulfinate 177  (132 mg, 0.57 
mmol) was added and then the reaction was allowed to warm to rt. After 2 
h, saturated, brine was added, the organic layer was separated, and then the aqueous layer 
was extracted with MTBE (3 x 10 mL). The combined organic extract was washed with 
brine, dried (Na2SO4), and concentrated to afford a crude mixture of diastereomers that was 
purified by flash column chromatography (70:30 hexanes: ethyl acetate) to afford 22 mg 
(10%) of pure 2 (8 mg of diastereomer 1 and 14 mg of diastereomer 2) as an oil: 2931, 
2873, 2211 cm-1; Diastereomer 1: 1H NMR (500 MHz, CDCl3) δ 7.72 (d, J = 8.0 Hz, 2H), 
7.41 (d, J = 8.0 Hz, 2H), 7.31 - 7.22 (m, 5H), 3.78 - 3.71 (m, 2H), 3.61 - 3.53 (m, 4H), 3.37 
(s, 3H), 2.94 (ABq, ∆ν= 155.0 Hz, J=15.0 Hz, 2H), 2.46 (s, 3H), 2.15- 2.11 (m, 1H), 1.98 
– 1.93 (m, 1H). Diastereomer 2: 1H NMR (500 MHzCDCl3) δ 7.61 (d, J = 8.2 Hz, 2H), 
7.48 - 7.46 (m, 2H), 7.31 – 7.22 (m, 5H), 3.62 – 3.50 (m, 6H), 3.36 (s, 3H), 3.24 (ABq, 
∆ν=20.0 Hz, J=15.0 Hz, 2H), 2.43 (s, 3H), 2.15 – 2.10 (m, 1H), 1.85 – 1.80 (m, 1H). 
 
A THF solution (0.1 mL, 1.2 M) of i-PrMgCl (0.12 mmol) was added to a, 
-78oC THF (10 mL) solution of diastereomer 2 of 2 (0.11 mmol, 40 mg) 
and methyl cyanoformate (0.12 mmol, 12mg). After 2h, saturated, aqueous 
NH4Cl was added, the organic layer was separated, and then the aqueous layer was 
extracted with MTBE (3 x 5 mL). The combined organic extract was washed with brine, 
CN
O
O2
S
O
CN
O
O3
MeO O
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dried (Na2SO4), and concentrated to afford a crude product that was purified by flash 
column chromatography (70:30 hexanes: ethyl acetate) to afford less than 10% of  3 as an 
oil: IR (film) 2925, 2215 cm-1; 1H NMR (300 MHz, CDCl3) δ 7.33 - 7.26 (m, 5H), 3.72 - 
3.66 (m, 4H), 3.57 - 3.54 (m, 2H), 3.51 - 3.47 (m, 2H), 3.35 (s, 3H), 3.15 (ABq, ∆ν= 80.0 
Hz, J=25.0 Hz, 2H), 2.52 – 2.42 (m, 1H), 2.05 – 1.97 (m, 1H); 13C NMR (75 MHz, CDCl3) 
δ 169.06, 134.06, 130.08, 128.67, 128.02, 118.50, 71.80, 70.51, 67.43, 59.04, 53.23, 49.73, 
43.59, 36.85. HRMS (+APCI) m/z [M + H+] calcd for C16H22NO4 292.1543, found 
292.1541.  
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